AD-A153  140  ft  5URVEV  OF  WATER  DEMAND  FORECASTING  PROCEDURES  ON  1/2 

FIXED  ARMY  INSTALLATIONS(U)  CONSTRUCTION  ENGINEERING 
RESEARCH  LAB  (ARMY)  CHAMPAIGN  IL  J  F  LANG OMSK I  ET  AL. 
UNCLASSIFIED  FEB  85  CERL-TR-N-85/07  F/G  13/2  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS-  1963-A 


US  Army  Corps 

of  Engineers  technical  report  n-85/07 

Construction  Engineering  February  1985 

Research  Laboratory 


AD-A153  140 


A  SURVEY  OF  WATER  DEMAND  FORECASTING  PROCEDURES 
ON  FIXED  ARMY  INSTALLATIONS 


Approved  for  public  release;  distribution  unlimited. 


85  4 


A 


'v/  ]•; 


00  9 


The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or 
promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  indorsement  or  approval  of  the  use  of  such  commercial  products. 
The  Findings  of  this  report  are  not  to  be  construed  as  an  official  Department 
of  the  Army  position,  unless  so  designated  by  other  authorized  documents. 


DESTROY  THIS  REPORT  WHEN  IT  IS  NO  I  ONCER  NEEDED 
DO  NOT  RETURN  IT  TO  THE  ORIGIN  A  TOR 


r.  »\  avava  -r.  vV« ’vv Vv Vawv  v ■/% V*.‘ V-.1  ■/'  .■ 


k  V 


•  W  *  •  i  ■  %  »■ 


1  ^  fffwyrg ti’»  g  ■  g  «  „-p g 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  OiM  KnfarasQ 


Twwwm  •.-■r-iwi 


1  REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

CERL-TR-N-85/07 

2.  GOVT  ACCESSION  NO. 

Ab  fi/o  3  /yc 

S.  RECIPIENT'S  CATALOG  NUMBER 

• 

4.  TITLE  fend  Subtitle) 

A  SURVEY  OF  WATER  DEMAND  F0RECAST1 
ON  FIXED  ARMY  INSTALLATIONS 

NG  PROCEDURES 

s.  type  of  report  a  period  covered 

Final 

s.  performing  org.  report  number 

7.  AUTHORO) 

LTC  J.  F.  Langowski  J.  T.  Bandy 

L.  E.  Lang  E.  D.  Smith 

B.  CONTRACT  OR  GRANT  NUMBERS 

t.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

U.S.  ARMY 

CONSTRUCTION  ENGINEERING  RESEARCH  LABORATORY 

P.0.  BOX  4005,  CHAMPAIGN,  IL  61820 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  B  WORK  UNIT  NUMBERS 

4A162720A896-A-031 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

12.  REPORT  DATE 

February  1985 

IS.  NUMBER  of  pages 

102 

U.  MONITORING  AGENCY  NAME  4  AODRESSfif  dltlerent  tram  Controlling  Olllce) 

IS.  SECURITY  CLASS,  (ol  title  report) 

Unclassified 

15a.  DECLASSI  FI  CATION/ DOWNGRADING 
SCHEDULE 

IS.  DISTRIBUTION  STATEMENT  (ol  title  Report) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  fof  (A*  ebetrect  an  farad  In  Block  20,  II  dltlorent  from  Report) 


IS.  SUPPLEMENTARY  NOTES 

Copies  are  available  from  the  National  Technical  Information  Service 

Springfield,  VA  22161 

1*.  KEY  WORDS  (Contlnuo  on  ravaraa  a  Ida  II  neceeeery  and  Identity  by  block  number) 

water  resources 
water  demand 
water  conservation 
forecasting 

Ml  ABSTRACT  (DuSmh  cm  ravaraa  a(W  W  naaaaaary  and  Identity  by  block  number) 

A  recent  National  Defense  Institute  (NDI)  study  determined  that  93  per¬ 
cent  of  the  Army's  installations  are  in  hydrologic  areas  which  have  recurring  ■//.,' 
problems  of  insufficient  quantity  and  decreasing  quality  of  water.  This 
report  documents  research  conducted  by  the  U.S.  Army  Construction  Engineering 
Research  Laboratory  to  (1)  determine  the  nature  and  type  of  water  planning  and 
management  activities  practiced  by  installation  water  utility  managers,  (2) 
evaluate  current  Army  procedures  for  estimating  average  daily  water  demand, 
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(3)  formulate  a  procedure  to  determine  which  Army  installations  should  be  con¬ 
sidered  for  a  water  use  survey,  and  (4)  determine  the  adequacy  of  contingency 
plans  required  by  Army  regulations. 

•-Current  guidelines  and  procedures  tor  estimating  daily  average  water 
demend  were  reviewed  and  90  installations  were  surveyed  to  determine  water 
service  patterns  and  management  practices,  including  water  costs,  conservation 
programs,  and  contingency  plans.  Sectors  of  water  installation  use  as  a  func¬ 
tion  of  building  area  were  determined.  These  relationships  were  used  to  test 
and  evaluate  a  linear  additive  model. 

It  was  found  that  current  procedures  for  estimating  water  demand  contain 
major  discrepancies.  Improved  water  planning  guidelines  are  needed  to  help 
predict  water  demand,  formulate  water  shortage  contingency  plans,  and  assess 
potential  water  conservation  techniques.  The  survey  results  indicated  that 
about  one  third  of  the  respondents  needed  better  tools  to  estimate  future 
water  demand.  Most  respondents  did  not  have  formal  contingency  plans  or  water 
conservation  programs.  The  linear  additive  model  uses  categorized  building 
areas  (data  readily  available  to  installation  Facility  Engineers)  to  predict 
water  use  sectors.  Testing  of  the  model  showed  that  it  could  effectively  pre¬ 
dict  peacetime  water  use  and  be  used  to  evaluate  the  effectiveness  of  conser¬ 
vation  measures.^ 
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A  SURVEY  OP  WATER  DEMAND  FORECASTING 
PROCEDURES  ON  FIXED  ARMY  INSTALLATIONS 


1  INTRODUCTION 


Background 

A  recenC  National  Defense  Institute  (NDI)  study1  determined  that  93  per¬ 
cent  of  the  Army's  installations  are  in  hydrologic  areas  that  have  recurring 
problems  of  insufficient  quantity  and  decreasing  quality  of  water.  Planning 
for  future  water  requirements  on  U.  S.  Army  installations  has  recently  re¬ 
ceived  new  emphasis,  stimulated  by  national  assessments  of  water  resources 
availability,  competition  for  water's  myriad  uses,  and  increasing  costs  of 
development,  treatment,  and  distribution.  New  reservoir  sites  are  scarce  and 
groundwater  resources  have  been  fully  exploited  in  many  areas.  Production 
costs  related  to  water  service  are  increasing  due  to  higher  costs  for  energy 
and  for  treatment  technologies  that  comply  with  mandated  water  quality  stand¬ 
ards.  These  new,  complex  problems  require  installation  water  planners  to 
review  current  planning  guidelines  and  existing  methods  for  estimating  the 
water  needs  of  soldiers,  their  families,  and  civilians  who  reside  or  work  on 
Army  posts  within  the  contiguous  United  States. 

In  general,  historical  installation  water  service  planning  has  focused  on 
engineering  design  to  determine  the  appropriate  size  of  initial  system  config¬ 
urations  or  the  extent  to  which  system  components  should  be  expanded  when 
existing  capacities  or  capabilities  are  overtaxed.  Army  technical  manuals 
which  provide  water  supply  planning  guidance  to  installation  facility  engi¬ 
neers  are  being  reviewed,  and  it  is  essential  that  modifications  incorporate 
improved  water  supply  and  demand  management  planning  procedures.  Such  pro¬ 
cedures  should  be  commensurate  with  approved  and  proven  techniques  that  can 
prevent  premature  investment  or  hasten  overdue  expenditures  ot  defense  dollars 
in  water  utility  expansion. 


Objective 

The  objectives  of  this  study  were  to:  (1)  determine  the  nature  and  type 
of  water  planning  being  practiced  by  installation  water  utility  managers;  (2) 
evaluate  current  Army  procedures  for  estimating  average  daily  water  demand; 


lR.  D.  Schwartz,  Current  and  Projected  Water  Resources  Problems  and  Their 
Impact  on  POD  Installations  (Research  Directorate,  National  Defense  Uni¬ 
versity,  1979). 
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(3)  formulate  a  procedure  for  determining  which  installations  should  be  con¬ 
sidered  for  a  water  use  survey*  and  (4)  determine  the  extent  and  adequacy  of 
contingency  plans  required  by  Army  regulations. 


Approach 

A  literature  search  of  military  and  civilian  documents  related  to  water 
supply  planning  and  forecasting  was  conducted.  Thirteen  installations  were 
visited  and  additional  information  obtained  from  installation  utility  mana¬ 
gers,  water  treatment  plant  supervisors,  and  master  planners.  A  mail  survey 
was  also  made  of  93  installations  to  obtain  information  relevant  to  the  NDI 
assessment.  Chapter  2  outlines  the  details  of  these  activities. 

Current  guidelines  and  procedures  for  estimating  average  daily  water 
demand  prescribed  by  Army  technical  manuals  were  evaluated  and  predictive 
ability  was  demonstrated,  using  empirical  installation  data.  Water  service 
patterns  and  water  management  practices  at  90  Army  installations  were  surveyed 
(Chapter  3). 

Distinct  sectors  of  installation  water  use  were  determined  as  a  function 
of  allocated  building  area  gross  square  footage  (Chapter  4);  a  conceptualized 
linear  additive  model  was  then  developed  that  related  these  sectors  to  average 
daily  water  use  and  the  regression  results  interpreted  (Chapter  5). 


Scope 

This  study  is  limited  to  fixed  Army  installations  in  the  contiguous 
United  States  and  to  the  water  service  and  water  planning  procedures  and 
guidelines  available  to  and  practiced  by  them.  The  model  presented  in  Chapter 
5  is  for  information  only;  it  is  not  for  use  in  official  project  or  program¬ 
ming  authorization  documents. 


Mode  of  Technology  Transfer 

The  information  in  this  report  will  provide  the  basis  for  an  Engineer 
Technical  Note.  It  may  also  impact  Technical  Manual  5-813-1,  Water  Supply 
Sources  and  General  Considerations  (1979). 


2  DATA  SOURCES  AND  RESEARCH  DESIGN 


The  Role  of  Conservation  in  Water  Supply  Planning 

The  NDI  study  determined  that  conservation  is  a  primary  method  for  alie- 
viating  water  shortages.  The  Corps'  Institute  for  Water  Resources  contends 
that  evaluation  of  water  conservation  measures  must  be  based  on  and  facili¬ 
tated  by  a  disaggregated  forecast  of  water  requirements  that  predicts  the  un¬ 
restricted  use  of  water.2  Baumann3 4  dearly  indicates  that  estimating  the 
effectiveness  of  a  water  conservation  measure  is  a  function  of  its  effects  on 
specific  types  of  sectoraL  water  use. 

To  measure  beneficial  reductions  in  water  uses  and  losses,  the  unrestric¬ 
ted  quantity  of  water  used  by  appropriate  sectors  must  be  known  in  advance. 

For  example,  unless  a  reasonable  estimate  can  be  made  of  current  water  use  in 
family  housing  and  bachelor  soldier  quarters,  the  effects  of  installing  low- 
flow  shower  heads  in  these  buildings  cannot  be  predicted.  The  expected  effec¬ 
tiveness  with  the  "residential"  sector  in  terms  of  water  reduction  quantities 
and  customer  acceptability  must  be  known.  This  is  the  major  dilemma  of  water 
conservation  planning  for  military  installations.  Water  use  by  sectors  cor¬ 
responding  to  the  conventional  classification  of  residential,  commercial,  and 
industrial  water  use  is  currently  unassessed  and  is  not  used  to  estimate  water 
needs  at  Army  posts. 

Historical  average  daily  water  use  on  Army  installations  has  been  com¬ 
puted  based  on  an  effective  population,  adjusted  by  a  sizing  capacity  factor, 
and  multiplied  by  a  peacetime  daily  per  capita  use  of  150  gal.*  There  is  no 
discrimination  among  categories  of  water  usages  and  supposedly  very  limited 
meter  data  to  permit  differentiation.  The  U.S.  Army  Construction  Engineering 
Research  Laboratory  (USA-CERL)  recently  conducted  a  study  to  determine  propor¬ 
tions  of  water  consumed,  by  major  category,  at  Fort  Bliss,  TX,  Fort  Bragg,  NC, 
Fort  Lewis,  WA,  and  Fort  Carson,  CO.1*  They  concluded  that  the  largest  users 
of  water  on  these  fixed  installations  were  troop  and  family  housing  and  land¬ 
scape  irrigation.  Industrial  water  use,  especially  tactical  vehicle  washing, 
was  also  a  major  component.  The  four  selected  installations  were  expected  to 
differ  in  certain  sectoral  water  uses  and  the  findings  verified  this  hypo¬ 
thesis,  but  without  an  explicit  comparison  to  reveal  reasons  for  differences 

2J.  E.  Crews  and  D.  D.  Baumann,  "Choosing  the  Appropriate  Forecasting  Tech¬ 
nique,"  a  paper  presented  at  American  Water  Resources  Association,  Illinois 
Section  Conference,  Carbondale,  Illinois  (April  4-7,  1984). 

3D.  D.  Baumann,  J.  J.  Boland,  and  J.  H.  Sims,  The  Evaluation  of  Water  Con¬ 
servation  for  Municipal  and  Industrial  Water  Supply  Procedures  Manual,  Report 
No.  80-1  (Institute  for  Water  Resources,  U.S.  Army  Corps  of  Engineers,  1980). 

4J.  T.  Bandy  and  R.  J.  Scholze,  Distribution  of  Water  Use  at  Representative 
Fixed  Army  Installations,  Technical  Report  N-157/A133232  (U.S.  Army  Construc- 
tion  Engineering  Research  Laboratory  [USA-CERL],  1982). 

*1  gal  =  3.785  L. 
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or  similarities.  USA-CERL  is  conducting  an  ongoing  study  to  address  this 
problem  by  installing  meters  at  selected  points  in  the  distribution  system  at 
Fort  Bragg. 

Ideally,  metered  data  or  billing  information  would  provide  a  database  to 
accurately  assess  existing  water  use  patterns  and  measure  water  use  quantities 
by  sector.  However,  this  type  of  database  is  rare  or  nonexistent,  because 
water  is  not  priced  and  rarely  metered  on  Army  installations.  This  limits  the 
method  of  forecasting  future  water  service  to  a  per  capita  approach,  based  on 
average  daily  water  delivery.  Moreover,  this  approach  as  well  as  its  accom¬ 
panying  guidelines  that  prescribe  procedures  for  estimating  average  daily 
water  demand  are  inadequate,  and  an  improved  method  is  needed  to  improve  water 
supply  planning  at  Army  installations.  This  includes  information  gathered 
from  existing  databases  or  by  generating  new  data  and  broadening  the  informa¬ 
tion  pertinent  to  these  issues.  Very  little  aggregated  information  is  cur¬ 
rently  on  hand,  and  Army  water  resource  managers  need  information  from  indi¬ 
vidual  installations  to  determine  the  status  of  their  water  supply  planning. 
Thus,  an  inventory  of  water  supply  planning  activities  is  clearly  warranted. 


Water  Service  for  Army  Installations  and  Civilian  Communities:  A  Comparison 

Army  installations  in  the  contiguous  United  States  resemble  small  civil¬ 
ian  communities,  ranging  in  population  from  100  to  70,000  people.  Figure  1 
summarizes  the  flow  of  water  through  an  Army  installation  and  shows  the  Army 
Technical  Manuals  applicable  to  each  stage.  There  is  some  similarity  in  the 
water  utility  management  infrastructure  in  that  the  typical  civilian  community 
Director  of  Public  Works,  assisted  by  a  planning  and  engineering  staff  and  by 
water  treatment  plant  personnel,  is  mirrored  by  the  Director  of  Engineering 
and  Housing  (DEH)  and  a  commensurate  support  workforce  on  an  Army  installa¬ 
tion.  In  this  example,  both  are  under  the  domain  of  government  ownership. 
There  are  no  privately  owned  water  utilities  within  a  military  installation, 
although  water  may  be  purchased  from  a  nearby  public  or  private  utility  for 
installation  needs.  Water  for  either  type  of  community  may  be  obtained 
directly  from  surface  or  ground  water  sources  or  purchased  from  wholesalers. 
Operation  and  maintenance  costs  are  parallel  between  both  entities;  however, 
these  costs,  as  well  as  capital  expenditures  for  military  installations,  are 
appropriated  and  programmed  as  part  of  the  Department  of  Defense  budget.  Both 
civilian  and  military  communities  follow  water  quality  standards  promulgated 
by  Federal  or  State  regulatory  agencies.  Also,  it  has  already  been  suggested 
that  water-using  activities  on  an  Army  installation  may  be  aligned  with  com¬ 
monly  recognized  sectors  of  water  use:  residential,  commercial,  industrial, 
and  institutional.  These  likenesses  between  Army  installations  and  civilian 
communities  imply  that  advancement  in  water  planning  methods,  particularly 
water  requirement  forecasting  techniques,  are  equally  applicable  and  appropri¬ 
ate  for  consideration  by  both  parties.  This  last  point  was  used  as  an  initial 
assumption  in  gathering  information  relevant  to  this  study;  accordingly,  it 
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has  stimulated  a  literature  review  to  determine  the  scope,  content,  and 
results  of  studies  related  to  water  demand  forecasting.  Despite  strong 
similarities,  there  are  special  considerations  that  must  be  given  to  the 
nature  of  installation  water  use  which  indicate  some  difference  when  compared 
to  sister  civilian  communities.  Scholze5  has  indicated  that: 

1.  Total  service  population  fluctuates  daily  because  of  large  numbers  of 
civilian  employees  who  reside  off-post  and  commute  daily  to  their  jobs  on  the 
post.  The  number  of  consumers  also  varies  with  soldier  maneuvers  and  training 
exercises  conducted  within  and  beyond  installation  boundaries.  The  impact  can 
range  from  hundreds  to  thousands  of  Reserve  or  Army  National  Cuard  soldiers 
arriving  for  temporary  duty  during  certain  periods  of  the  year,  causing  large 
surges  in  normal  water  service;  on  the  other  hand,  tenant  troop  units  may  de¬ 
ploy  for  training  at  sites  beyond  the  installation,  causing  corresponding  re¬ 
ductions  in  total  water  quantities. 

2.  Army  personnel  pay  a  fixed  amount  for  unlimited  quantities  of  water 
through  forfeiture  of  their  quarters  allowance  and  are  not  subject  to  rate 
structures.  They  do  not  pay  directly  for  the  water  they  use,  so  with  limited 
exceptions,  meters  have  not  been  needed. 

3.  Activities  unique  to  the  Army,  such  as  tactical  vehicle  and  aircraft 
washing  and  maintenance,  affect  installation  water  service  and  quantity  re¬ 
quirements. 

4.  Army  personnel  must  follow  command  orders  and  instructions,  implying 
quick,  enforcement  of  directives  implementing  water  conservation  measures. 

There  are  other  qualifiers  that  may  also  relate  to  water  service  or  water 
utility  record  management: 

5.  Installations  are  characterized  by  their  military  missions:  soldier 
schools  and  major  training  centers,  logistical  production  and  supply  depots, 
medical  centers,  or  research,  development,  and  testing  sites.  Some  installa¬ 
tions  are  dedicated  primarily  to  one  of  these  missions;  however,  in  most 
cases,  there  are  activities  that  represent  some  aspect  of  all  of  these  mis¬ 
sions,  with  one  or  two  missions  dominating. 

6.  Installation  real  property  (all  buildings  and  acreage)  is  Army-owned, 
being  operated  and  maintained  by  DEH  on  behalf  of  the  Installation  Com¬ 
mander.  Procedurally ,  the  DEH  recommends  to  the  Commander  actions  for  im¬ 
proving  the  efficiency  and  capability  of  support  on  a  continuing  basis.  A 
Commander's  decision  to  implement  the  recommendation,  such  as  water  conserva¬ 
tion  measures,  is  coiwnunicated  as  a  directive  and  if  it  involves  water  reduc¬ 
tion,  plumbing  fixtures,  or  educational  programs,  the  DEH  will  comply  throughout 

5R.  J.  Scholze,  L.  J.  Benson,  M.  A.  Kamiya,  M.  J.  Staub,  and  J.  T.  Bandy,  Water 
Conservation  Methods  for  U.  S.  Army  Installations:  Volume  I,  Residential 


the  installation.  The  reciprocal  also  holds,  in  that  a  Commander's  decision 
not  to  conserve  (e.g.,  limit  irrigation  of  common  areas  such  as  parade  and 
athletic  fields  and  other  large  grassed  areas)  is  also  carried  out. 

7.  Installations  are  designed  to  support  the  activities  related  to  their 
military  mission:  various  training  areas,  vehicle  and  aircraft  park  and  main¬ 
tenance  complexes,  family  and  soldier  housing,  community  buildings,  and  other 
building  categories  are  surrogate  representatives  of  both  the  population  size 
and  mission  activities  of  the  installation.  As  such,  allocated  buildings, 
their  sizes,  and  their  numbers  symbolize  places  where  people  use  water  and  how 
water  is  used. 

8.  Utility  conservation  in  the  Army  focuses  on  reducing  energy  consump¬ 
tion  and  includes  water  conservation.  For  example,  low-flow  shower  heads  have 
been  installed  on  some  posts  to  reduce  the  energy  costs  of  boilers  or  water 
heaters.  There  is  no  water  conservation  policy  per  se. 

9.  Periodic  water  service  operation  and  maintenance  reports  are  sub¬ 
mitted  from  the  installation  level  through  the  Major  Command  (MACOM)  having 
jurisdictional  authority.  The  MACOM  staff  engineer  reviews  and  forwards  con¬ 
solidated  reports  to  the  Directorate  of  Enginering  and  Construction,  Office  of 
The  Chief  of  Engineers.  The  feeder  reports  are  standardized  and  well-defined 
in  terms  of  what  is  to  be  reported  and  how  it  is  to  be  computed  using  standard 
units  of  measure.  Each  year,  these  reports  are  consolidated,  published,  and 
distributed  Army-wide  to  provide  commanders  and  staff  officers  with  an  analy¬ 
sis  of  the  Army's  real  property  maintenance  activities  for  the  preceding  fis¬ 
cal  year  (ending  September  30).  The  annual  report,  commonly  referred  to  as 
the  Redbook,  is  a  valuable  source  of  raw  data  for  analyzing  the  major  facets 
of  facility  operation  and  maintenance.  The  Directorate  of  Engineering  and 
Construction  also  issues  technical  guidance  for  installation  water  utility 
management  in  the  form  of  periodic  manuals  and  bulletins. 

This  last  consideration  suggests  the  source  of  data  for  water  service 
activities  on  Army  posts.  These  annual  reports  were  reviewed  for  this  study, 
and  along  with  other  potential  sources  of  information,  are  discussed  below. 

Published  Sources  of  Data 

The  Redbook  is  divided  into  seven  parts  which  report  costs  and  operating 
data  for  major  component  activities,  such  as  buildings  and  grounds,  utility 
operation,  and  fire  prevention  protection.  Of  interest  to  this  study  is  Part 
VII,  which  presents  specific  water  service  and  system  data  by  installation. 

The  data  and  related  statistics  are  compiled  from  Major  Command  technical  data 
reports,  DA  Form  2788  series  (AR  420-16),  and  follows  the  Army  management 
structure  classification  and  reporting  requirements  (AR  37-100-XX,  where  XX 
represents  the  last  two  digits  of  the  fiscal  year).  The  Army  is  in  a  transi¬ 
tional  period  between  manual  preparation  of  the  technical  data  reports  and  an 
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automated,  interactive,  user-oriented  management  database  which  will  be  avail¬ 
able  by  the  end  of  FY  1984.  Consequently,  Redbooks  for  FY  1982  and  1983  have 
not  been  published,  so  the  Redbook  for  FY  1981  is  the  most  recent. 

Selected  data  for  Fiscal  Years  1975  through  1981  were  extracted  for  this 
study.  Prior  to  1975,  report  formats  and  activity  codes  differed  somewhat; 
operations  and  maintenance  data  were  not  typical  due  to  installation  adjust¬ 
ments  in  troop  support  caused  by  the  end  of  the  Vietnam  Conflict.  This  data¬ 
base  served  as  the  primary  source  of  data  for  the  water  use  model  developed  in 
Chapter  5. 

Ninety  separate  installations  within  the  contiguous  United  States  are  re¬ 
ported  in  the  Fiscal  Year  1981  Redbook;  these  are  listed  in  Table  1,  catego¬ 
rized  by  MACOM.  These  90  installations  represent  the  entire  population  of 
active  Army-owned  and  -operated  fixed  posts  located  within  the  study  area, 
managed  by  a  Facility  Engineer  Activity,  and  subject  to  the  requirements  for 
individually  reporting  annual  Facilities  Engineering  technical  data  (DA  Form 
2788-R).  The  term  "fixed"  is  used  here  to  mean  permanently  established  in¬ 
stallations  where  water  service  operation  and  water  system  maintenance  is  man¬ 
aged  by  a  Facility  Engineer  under  the  delegated  authority  of  the  Installation 
Commander.  This  set  of  installations  was  surveyed  for  this  study. 

Water  utility  data  for  each  installation  are  entered  in  the  Redbook  as 
either  an  operational  activity  (water  service)  or  a  maintenance  activity 
(water  system).  Water  service  data  include  base  unit  quantities,  total  costs 
and  unit  costs  per  thousand  gallons  (k-gal)  of  water  for  purchased,  surface 
(filtered),  and  ground  water  (unfiltered)  operational  activities.  Water  sys¬ 
tem  data  relate  to  treatment,  filtration,  wells,  and  distribution  maintenance 
activities,  with  annual  quantities  and  costs  given.  Only  average  daily  water 
use  is  recorded,  and  it  is  shown  as  total  annual  water  delivered  throughout  ... 
the  installation.  There  is  no  further  disaggregation  into  seasonal  or  sec¬ 
toral  water  use. 

The  Redbook  also  provided  data  related  to  population  approximations  and 
real  property  measurements  of  building  gross  floor  area  and  improved  grounds 
acreage.  This  information  was  required  to  analyze  existing  Army  water  use 
estimation  procedures  and  to  empirically  test  the  conceptualized  water  use 
model  developed  in  Chapter  5.  Table  2  summarizes  the  data  obtained  from  the 
Redbook. 

This  study  has  examined  categorized  total  building  areas  for  variance 
differences  in  order  to  sum  them  into  new  variables  that  represent  independent 
sectors  of  water  use.  The  sectors  were  subjected  to  regression  analysis  to 
determine  their  explanatory  power.  Improved  ground  acreage  and  evapotranspi- 
ration  were  also  tested.  Chapter  5  provides  details  of  this  analysis. 


Table  1* 

Installations  Located  in  the  Contiguous  United  States 
(Listed  by  Major  Command) 


USA  Forces  Command  (FORSCOM) 


Bragg,  North  Carolina 
Campbell,  Kentucky 
Carson,  Colorado 
Devens,  Massachusetts 
Drum,  New  York 
Hood,  Texas 

Indiantown  Gap,  Pennsylvania 
Sam  Houston,  Texas 
Lawton,  Washington 
Lewis,  Washington 
McCoy,  Wisconsin 
McPherson,  Georgia 


Fort  Meade,  Maryland 
Fort  Riley,  Kansas 
Fort  Sheridan,  Illinois 
Fort  Stewart,  Georgia 
National  Training  Center 
California 

Presidio  of  San  Francisco, 
California 

Vancouver  Barracks,  Washington 
Yakima  Firing  Range,  Washington 
Fort  Ord,  California 
Fort  Polk,  Louisiana 


USA  Training  and  Doctrine  Command  (TRADOC) 


Belvoir ,  Virginia 
Benning,  Georgia 
Bliss,  Texas 
Chaffee,  Arizona 
Dix,  New  Jersey 
Eustis,  Virginia 
Gordon,  Georgia 
Benjamin  Harrison,  Indiana 
A.  P.  Hill,  Virginia 
Jackson,  South  Carolina 
Knox,  Kentucky 


Fort  Leavenworth,  Kansas 

Fort  Lee,  Virginia 

Fort  McClellan,  Alabama 

Fort  Monroe,  Virginia 

Fort  Hamilton,  New  York 

Fort  Pickett,  Virginia 

Fort  Rucker,  Alabama 

Fort  Sill,  Oklahoma 

Fort  Leonard  Wood,  Missouri 

Carlisle  Barracks,  Pennsylvania 


USA  Communications  Command  (ACC) 


Fort  Huachuca,  Arizona 


Fort  Ritchie,  Maryland 


United  States  Military  Academv 


United  States  Military  Academy,  West  Point,  New  York 


■^Source:  FY  1981  Redbook. 
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Table  1  (Cont’d) 


USA  Materiel  Command  (AMC) 


Anniston  AO,  Alabama 
Army  Materials  and  Mechanics  Research 
Center,  Massachusetts 
Harry  Diamond  Laboratories,  Maryland 
Letterkenny  AD,  Pennsylvania 
Lexington-Blue  Grass  AD,  Kentucky 
McAlester  AAP,  Oklahoma 
Navajo  Depot  Activity,  Arizona 
New  Cumberland  AD,  Pennsylvania 
Picatinny  Arsenal,  New  Jersey 
Pine  Bluff  Arsenal,  Arkansas 
Pueblo  Depot  Activity,  Colorado 
Red  River  Arsenal,  Texas 
Redstone  Arsenal,  Alabama 
Rock  Island  Arsenal,  Illinois 
Rocky  Mountain  Arsenal,  Colorado 
Sacramento  AD,  California 
Savanna  AD,  Illinois 
Seneca  AD,  New  York 
Sharpe  AD,  California 


Sierra  AD,  California 
Tobyhanna  AD,  Pennsylvania 
Tooele  AD,  Utah 

Umatilla  Depot  Activity,  Oregon 
Fort  Wingate  Depot  Activity, 

New  Mexico 

Watervliet  Arsenal,  New  York 
Corpus  Christie  AD,  Texas 
Detroit  Arsenal,  Michigan 
Fort  Monmouth,  New  Jersey 
Jefferson  Proving  Ground,  Indiana 
St.  Louis  Area  Support  Center, 
Illinois 

Aberdeen  Proving  Ground,  Maryland 
Dugway  Proving  Ground,  Utah 
Natick  Development  Center, 
Masachusetts 

White  Sands  Missile  Range, 

New  Mexico 

Yuma  Proving  Ground,  Arizona 


USA  Health  Services  Command  (HSC) 

Fort  Detrick,  Maryland 

Fitzsimons  Army  Medical  Center,  Colorado 

Walter  Reed  Army  Medical  Center,  District  of  Columbia 


USA  Intelligence  and  Security  Command  (INSCOM) 

Arlington  Hall  Station,  Virginia  Vint  Hill  Farms  Station,  Virginia 


Military  Traffic  Management  Command  (MTMC) 


Bayonne  Military  Ocean  Terminal, 
New  Jersey 

Gulf  Outport,  Louisiana 


Oakland  Army  Base,  California 
Sunny  Point  Military  Ocean 
Terminal,  North  Carolina 


Redbook  Raw  Data  Summary 


Data 

Category 


Type  of 
Data 


Unit  of 
Measure 


Description 


Water  service 
operation 

Total  water 
requirements 

k-gallons 
per  year 

Total  annual  water  requirements 
from  purchased  surface  and  ground 
water  sources  for  each  instal¬ 
lation 

Unit  costs 

Dollars 
per  k-gallons 
per  year 

Unit  costs  for  water  service 
operations  disaggregated  by 
source  of  water  only 

Water  system 
maintenance 
and  repair 

Total  costs 

Dollars 
per  year 

Total  annual  costs  for  the 
maintenance  and  repair  of  treat¬ 
ment  and  filtration  equipment, 
wells,  and  distribution  system 

Population 

Effective 

population 

Persons 

Average  daily  effective  popu¬ 
lation  includes  all  resident 
soldiers,  families,  and  a  pro¬ 
portion  of  nonresident  civilian 
and  military  personnel  who  work 
on  each  installation 

Real  property 

Building  gross 
floor  area 

k-sq  ft 

Total  square  footage  of  gross 
floor  areas  of  all  buildings  ag¬ 
gregated  into  12  nonoverlapping 
functional  categories 

Total  improved 
grounds 

Acres 

Intensively  used  ground  areas  where 
annual  requirements  for  maintenance 
measures  exist,  consisting  of  ir¬ 
rigation,  dust  control,  and  others 

Table  3  summarizes  other  sources  of  data  for 
objectives  of  this  study.  Those  noted  as  general 
in  identifying  points  of  contact  and  installation 
elsewhere. 


possible  adaptation  to  the 
references  were  most  helpful 
locations  not  commonly  found 


Installation  Visits 


Twelve  installations  were  visited  between  5  and  29  January  1984  to  con¬ 
duct  informal  discussions  with  the  Facility  Engineer  and/or  his/her  designated 
utility  manager  regarding  water  service,  to  obtain  associated  water  supply 
data  and  reports,  and  to  tour  water  treatment  plant  facilities,  when  prac¬ 
tical.  At  four  installations,  the  mail  survey  was  pretested  before  its 
release  to  all  other  installations  in  the  study  area.  Within  time  and  money 
constraints,  the  four  installations  were  selected  to  represent  the  Major  Com¬ 
mands,  principal  mission  activities,  and  various  geographical  regions.  Table  4 
lists  the  characteristics  of  the  installations  visited.  Arrangements  for  each 
visit  were  coordinated  in  advance  with  the  respective  MACOM  engineers  and  each 
installation  DEH.  During  these  visits,  discussions  were  held  with  61  plan¬ 
ners,  utility  supervisors,  and  engineers  experienced  in  the  operation  and 
maintenance  of  the  installation  water  systems. 


Mail  Survey 

To  meaningfully  characterize  water  use  and  water  planning  experience  of 
installations  in  the  study  area,  it  was  necessary  to  know  the  extent  and  con¬ 
tent  of; 

1.  Installation  water  use  forecasts  and  the  planning  methods  employed 

2.  Documented  contingency  plans  for  short-term  water  shortage  events  and 
the  kinds  of  water  conservation  measures  included  in  the  plans 

3.  Water  conservation  programs  implemented  in  the  recent  past. 

The  Deputy  Director  for  Facilities  Engineering  and  Housing,  OCE,  and  each 
MACOM  engineer  were  coordinated  with  before  the  survey.  The  survey  question¬ 
naire  is  provided  in  Appendix  A. 

The  installations  surveyed  included  all  90  in  the  study  area  and  three 
others  not  reported  separately  in  the  Redbook,  which  are  consolidated  under 
the  Military  District  of  Washington  (MWD);  although  there  is  no  individual 
historic  Redbook  data  regarding  their  water  service,  their  response  concerning 
water  planning  activities  was  considered  homogeneous  with  all  other  installa¬ 
tions. 


The  survey  consisted  of  17  questions.  Questions  1  through  4  were  de¬ 
signed  to  obtain  water  service  data  for  FY  1982  and  1983  which  had  not  been 


Table  3 


Publi 

Type  of  Information 

Historic  weather-related 
data 


Historic  population  data 

Historic  housing  require¬ 
ments 

Map  Book 

Installation  Directories 


shed  Sources  of 


Information 


Source 


Local  Climatological  Data  (National 
Oceanic  and  Atmospheric  Administration, 
1982a) 

Climatological  Data  of  the  States 

(National  Oceanic  and  Atmospheric 
Administration,  1982b) 

Summer  Precipitation  and  Potential 
Evaporation  Contour  Maps  (Hittman 
Associates,  Inc.,  Vol  11,  1969) 

Distribution  of  Personnel  by  State  and 
by  Selected  Locations  (Department  of 
Defense,  1982). 

Determination  of  Housing  Requirements 

(Department  of  Defense  Report  1378) 

Major  Military  Installations  (Depart¬ 
ment  of  Defense,  1980) 

Department  of  the  Army  (U.S.  and  World 
Government  Installation  Directory 
Service,  1982) 

Department  of  the  Army  (U.S.  Organization 
Chart  Service,  1983) 

"Guide  to  Military  Installations  in  the 
United  States"  (The  Times  Magazine,  1982 
and  1984) 

Temporary  Military  Lodging  (1981) 
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Table  4 


Characteristics  of 

Visited  Installations 

Installation 

Major  Command 
Jurisdiction 

Principal  Activity 

Location 

Fort  Campbell 

FORSCOM 

Readiness 

Kentucky 

Fort  Bragg 

FORSCOM 

Readiness 

North  Carolina 

Fort  Sill 

TRADOC 

Training 

Oklahoma 

Fort  Bliss 

TRADOC 

Training 

Texas 

Fort  Belvoir 

TRADOC 

Training 

Virginia 

White  Sands  Missile  Range 

AMC 

Test  &  Evaluation 

New  Mexico 

Red  River  Army  Depot 

AMC 

Supply  Depot 

Texas 

Pine  Bluff  Arsenal 

AMC 

Arsenal 

Arkansas 

Harry  Diamond  Laboratories 

AMC 

Laboratory 

Maryland 

Walter  Reed  Army  Hospital 

HSC 

Hospital 

District  of 
Columbia 

Fort  Huachuca 

ACC 

Communication 

Arizona 

Fort  McNair 

MDW 

Capital  Support 

District  of 
Columbia 

available  due  to  nonpublication  of  the  Redbook.  Questions  5  through  16  are 
directly  related  to  the  three  areas  of  desired  information  described  above  and 
the  first  objective  of  this  research.  The  questionnaire  was  pre-tested  at 
four  installations  before  releasing  it  to  the  others.  No  revisions  were  re¬ 
quired,  and  respondents  were  able  to  complete  the  questionnaire  in  about  2 
hours . 

Table  5  summarizes  the  86  respondents  by  job  title.  The  average  number 
of  years  employed  of  each  respondent  was  5^1  years,  with  a  range  from  1  month 
to  25  years.  One  respondent  did  not  furnish  a  job  title,  and  three  respond¬ 
ents  did  not  indicate  years  of  service.  The  cover  letter  to  DEH  had  requested 
that  the  respondent  chosen  to  answer  the  questionnaire  be  knowledgeable  and 
experienced  in  the  planning,  operation,  and  maintenance  of  water  supply  activ¬ 
ities  and  occupy  a  principal  management  position  in  this  area.  The  listing 
appears  to  verify  that  most  respondents  were  selected  to  comply  with  this  cri¬ 
terion. 

The  pre-test  was  mailed  on  26  December  1983,  followed  by  the  first  phase 
of  the  overall  general  mailing.  Eight  questionnaires  were  sent  on  28  December 
1983  to  the  remaining  posts  included  in  the  installation  visit  itinerary.  The 
cover  letters  were  modified  to  instruct  the  DEH  at  each  post  to  retain  the 
questionnaire  for  personal  review  and  pickup  during  on-site  discussions.  The 
general  initial  mailing  was  released  on  11  January  1984  with  a  requested  reply 
date  of  25  January  1984.  Reminder  letters  were  sent  at  about  1-month  inter¬ 
vals,  and  the  last  response  was  received  on  14  May  1984.  The  elapsed  time  for 
the  survey  was  141  days  and  produced  86  responses  for  a  return  rate  of  92.5 
percent  (Table  6).  The  principal  investigator  conducted  all  phases  of  the 
entire  survey  operation,  including  questionnaire  design,  mailing,  inter¬ 
viewing,  data  collection,  coding,  tabulation,  and  analysis;  this  reduced 
potential  reliability  problems  associated  with  the  use  of  coding  terms.  Each 
questionnaire  received  was  edited  to  detect  and  eliminate  as  much  as  possible 
errors  in  the  completed  reply.  Mailed  returns  were  checked  and  missing 
entries  were  noted  in  14  questionnaires.  In  most  cases,  a  followup  point  of 
contact  with  telephone  number  had  been  indicated,  and  when  it  was  verified 
that  the  point  of  contact  was  also  the  original  respondent,  the  missing  data 
were  obtained  by  telephone.  A  frequency  analysis  was  used  to  describe  the 
results.  Hypothesis  testing  to  determine  systematic  relationships  between 
joint  frequencies  was  done  by  Chi-square  analysis. 
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Table  5 


Survey  Respondent  Job  Title  and  Frequency 


Title 


Absolute 


Frequencie 
Relative 
(X) 


Chief /Assistant  Chief  of  Utilities  18  20.9 

Environmental  Supervisor/Engineer/  18  20.9 

Special ist /Coordinator 

Director/Chief /Manager  of  Engineer-  14  16.3 

ing  and  Housing  or  Facility 
Engineering 

Chief,  Sanitation  Branch  8  9.3 

Foreman/Supervisor,  Water  Treatment  6  7.0 

Plant  or  Main  Pumping  Station 

Engineering  Supervisor/Engineer/  6  7.0 

Technician 

Chief,  Environmental /Natural  4  4.6 

Resources  Branch 

Chief,  Maintenance  Division  2  2.3 

Master  Planning  Chief /Planner  2  2.3 

Chief /Engineer ,  Mechanical  Engi-  2  2.3 

neering  Branch 

Chief  of  Operations  2  2.3 

Subarea  Commander  1  1.2 

Deputy  Director  of  Engineering  1  1.2 

and  Housing 

Administrative  Officer  1  1.2 

(Missing  Job  Title)  1^  1.2 

86 


TOTALS 


Table  6 


Survey  Mailing  Results  and  Response  Summary 


Survey  Activity 


Number  of  Number  o 
Mailing  Dates  Mailings  Response 


Pre-test  mailing  26  December  1983  4 

initial  mailing  (cover  28  December  1983  8 

letter  and  questionnaire)  (Phase  I) 

11  January  1984  81 

(Phase  II) 

First  reminder  letter  6  February  1984  36 

Second  reminder  letter  12  March  1984  11 

with  questionnaire 

Summary: 


Target  number  of  installations  -  93 
Number  of  responses  -  86 

Response  rate  -  92.51 


4 

8 

45 

25 

4 
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3  WATER  SERVICE  AND  RELATED  MANAGEMENT  PRACTICES  WITHIN  THE  STUDY  AREA 


The  ND[  study  predicted  rising  costs  by  the  year  2000  for  water  service 
on  Army  installations.  Expansion  capabilities  of  Army  posts  may  be  con¬ 
strained  by  inadequate  water  service,  implying  the  need  for  accurately  esti¬ 
mating  current  capabilities  and  for  preparing  contingency  plans  in  case  of 
water  shortages.  When  properly  planned,  water  conservation  programs  can  at¬ 
tenuate  these  adverse  impacts,  but  a  lack  of  incentive  to  investigate  the  ben¬ 
efits  of  potential  conservation  measures  may  result  in  indifference  by  plan¬ 
ners  at  the  installation  level. 

Is  the  Army  actually  experiencing  a  pattern  of  rising  water-related 
costs?  Are  water  requirement  studies  being  undertaken  and  contingency  plans 
being  developed  for  potential  water  shortage  situations?  19  water  conserva¬ 
tion  being  practiced?  The  answers  found  in  this  study  tend  to  verify  the  con¬ 
clusions  of  the  NDI  assessment. 

This  chapter  characterizes  water  service  and  the  state  of  water  planning 
within  the  study  area.  Average  daily  water  use  for  the  90  installations 
during  FY  1981  is  described  relative  to  mission  orientation  (i.e..  Major  Com¬ 
mand  and  water  sources).  Analysis  by  population  size  and  per  capita  water  use 
indicators  would  be  misleading  because  of  errors  in  population  measurement 
(see  Chapter  4).  The  analysis  concentrates  on  the  status  of  water  planning 
and  conservation  practices  among  Major  Commands.  Data  obtained  fr-.n  he  sur¬ 
vey  are  analyzed  to  provide  a  perspective  on  the  3cope  and  intensity  of  the 
water  planning  effort  in  the  study  area. 

The  distribution  of  unit  costs  for  water  service  operation  and  water  sys¬ 
tem  maintenance  and  repair  are  analyzed  by  mission  orientation  and  sources  of 
water  supply.  Average  unit  costs  are  provided  to  determine  the  significance 
of  trends  for  the  period  FY  1975  through  FY  1981. 

Eight  Major  Commands  control  the  individual  installations  listed  in  the 
FY  1981  Redbook  (Table  7),  and  the  Military  District  of  Washington  controls 
three  subordinate  stations  in  the  Metropolitan  area  of  Washington,  D.C. 

Within  each  command,  the  installations  are  generally  distributed  throughout 
the  study  area,  and  there  are  no  discrete  geographical  boundaries  among 
them.  The  common  acronyms  of  the  Major  Commands  will  be  used  to  represent  the 
mission  orientation  of  corresponding  installations.  (A  listing  of  installa¬ 
tions  by  Major  Command  was  given  in  Table  1.)  Eighty-three  installations 
represented  the  Major  Commands  in  both  the  FY  81  Redbook  and  the  survey,  which 
facilitated  a  joint  analysis  between  the  two  databases. 


Table  7 


Major  Command 


Major  Command 
Designation 


Forces  Command 

Training  and  Doctrine 
Command 


Army  Materiel  Command 


Intelligence  and 
Security  Command 

U.S.  Army  Communications 
Command 


Military  Traffic 
Management  Command 


Health  Services  Command 


United  States  Military 
Academy 


Military  District  of 
Washington 


Identification  and  Selected  Characteristics 


Common  Dumber  of  Installations 

Acronym  Within  the  Study  Area  Mission  Orientation 

FT  SI  Survey 

Radbooh  Respondent 


FORSCOM 

22 

20 

Operations  and  unit  readiness. 

TRADOC 

21 

18 

Manages  individual  soldier 
training;  commands  the  Army's 
service  schools;  development 
of  doctrine  and  training  pub- 
1 ications. 

AMC 

35 

33 

Manages  the  Army's  total  log¬ 
istics  system  and  controls 
various  research  and  develop¬ 
ment  and  materiel  readiness 
installations. 

1NSC0M 

2 

2 

Intelligence  collection  and 
production,  counterintelligence, 
and  security. 

USACC 

2 

2 

Flans,  engineers,  installs,  and 
operates  the  Army's  portion  of 
the  Defense  Communications  Sys¬ 
tem  and  for  other  Army  communi¬ 
cations  and  air  traffic  control 
facilities. 

MTMC 

A 

A 

Manages  all  military  traffic,  land 
transportation,  and  common-user 
ocean  terminals. 

HSC 

3 

3 

Manages  and  delivers  health  care 
and  supportive  services  and  super¬ 
vises  medical  training  for  the  Army. 

USMA 

1 

1 

Provides  the  Army  with  well-educated 
and  highly  trained  professional  Army 
officers. 

MOW 

NA 

3 

Responsible  for  designated  Army  func¬ 
tions  in  the  metropolitan  area  of 
Washington,  D.C 

TOTALS: 

90 

86 
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Water  Service  Patterns  Within  Tf  ,  Study  Area 


Installations  may  have  either  single  or  multiple  sources  of  water  sup- 
pLy.  Water  service  may  depend  on  acquired  surface  or  ground  water  sources  of 
transmission;  filtration  and  distribution  are  done  by  the  DEH  workforce.  Post 
water  may  be  purchased  from  local  civilian  communities  and  transmitted  to  the 
installation  for  delivery  through  its  distribution  system.  Army  Regulation 
37-100-816  defines  purchased  water  as  the  total  quantity  of  water  purchased 
under  utility  contracts.  Purchased  water  is  either  surface  or  ground  water, 
but  is  discussed  here  as  a  separate  entity  to  point  out  that  installations  are 
not  necessarily  self-supporting.  The  total  average  daily  water  requirement 
for  all  90  installations  in  FY  1981  was  163.1  million  gal  per  day  (mgd).  The 
mean  value  per  installation  was  1.8  mgd,  with  a  low  value  of  12,000  gpd  to  a 
high  of  9.8  million  gpd.  The  distribution  of  average  daily  water  use  was 
assessed  and  is  shown  by  source  with  further  disaggregation  by  Major  Command 
in  Table  8. 


Single  Versus  Multiple  Sources  of  Water  Supply 

Forty-two  installations  (46.6  percent)  obtain  their  daily  water  needs 
from  a  single  source  and  together  account  for  18  percent  of  the  total  water 
used  on  an  average  day  within  the  study  area.  The  remaining  48  installations 
are  serviced  by  multiple  sources,  which  account  for  133.73  mgd,  or  82  per¬ 
cent.  Within  the  categories  of  single  sources,  purchased  water  from  local 
civilian  communities  ranks  the  highest  in  terms  of  total  water  needs  (13.1 
mgd)  among  single-source  installations;  however,  on  an  installation  basis, 
stations  depending  on  ground  water  consume  greater  average  daily  quantities  of 
water  (1.47  mgd)  than  either  those  that  purchase  water  (0.36  mgd)  or  those 
that  use  a  surface  water  source  (.63  mgd). 

Among  multiple-source  posts,  the  dual  combination  of  purchased  and  sur¬ 
face  water  (52.25  mgd)  or  purchased  and  ground  water  (22.60  mgd)  satisfies  the 
needs  of  29  installations  (32  percent).  Nearly  one  third  of  all  water  (51.9 
mgd)  required  on  an  average  day  by  all  installations  in  the  study  area  is  pro¬ 
vided  by  systems  which  combine  ail  three  water  sources. 

The  larger  users  (above  the  grand  mean  of  1.8  mgd)  are  served  by  multiple 
sources.  Average  use  by  an  installation  ranges  from  0.25  mgd  to  5.73  mgd, 
with  a  mean  for  all  multiple-source  installations  of  2.79  mgd.  On  the  other 
hand,  single-source  installations  reflect  a  range  of  0.10  mgd  to  2.05  mgd, 
with  a  mean  for  all  single-source  installations  of  0.70  mgd. 


Operation  and  Maintenance,  Army,  1981,  Army  Regulation  37-100-81  (Department 
of  the  Army  [DA],  1981b) . 
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Mater  Use  by  Mission  Orientation 


Forces  Command  (FORSCOM),  Training  and  Doctrine  Command  (TRADOC),  and 
Army  Materiel  Command  (AMC)  collectively  account  for  93.2  percent  of  the  water 
needs  within  the  study  area.  FORSCOM  uses  the  greatest  proportion  (39.6  per¬ 
cent)  of  the  total  daily  water  requirement,  followed  by  TRADOC  (31.6  percent), 
and  then  AMC  (21.9  percent).  A  comparison  of  the  mean  values  for  all  instal¬ 
lations  within  each  of  these  three  Major  Commands  reveals  the  same  rank 
ordering.  A  typical  Installation  in  FORSCOM  uses  2.94  mgd,  which  is  about  20 
percent  more  than  the  average  TRADOC  post  (2.45  mgd)  and  almost  twice  as  much 
(188  percent)  as  an  average  AMC  installation  (1.02  mgd).  It  can  also  be  ob¬ 
served  that  both  FORSCOM  stations  (82  percent)  and  TRADOC  posts  (67  percent) 
are  predominantly  multiple-source.  The  reverse  is  true  for  AMC  installations, 
where  66  percent  of  all  the  installations  with  a  mission  orientation  of  logis¬ 
tics  supply  or  materiel  development  and  testing  receive  their  water  from 
single  sources.  When  the  remaining  five  commands  were  grouped  into  a  single 
category  termed  "all  others,"  it  was  determined  that  the  average  daily  water 
requirement  was  0.92  mgd  per  instal lat ion--and  considerably  below  the  average 
for  the  entire  study  area  (1.8  mgd). 


Water  Use  by  Total  Building  Area 

An  additional  qualifier  of  average  daily  water  use  was  sought  to  explain 
partially  why  FORSCOM  and  TRADOC  installations  generally  use  water  quantities 
greater  than  the  mean.  It  may  be  that  the  posts  with  these  mission  alignments 
provide  water  service  to  larger-than-average  populations.  Unfortunately,  pop¬ 
ulation  data  are  suspected  of  being  measured  incorrectly  (see  Chapter  4).  An 
alternative  measure  is  the  total  gross  floor  area  of  all  buildings  located  on 
each  installation.  Moreover,  building  floor  area  is  a  kind  of  surrogate  for 
population,  and  the  types  of  buildings  can  also  suggest  an  installation's  mis¬ 
sion  orientation.  Within  the  study  area,  the  mean  value  for  total  building 
area  is  6.7  million  sq  ft,  with  a  minimum  value  of  131,000  sq  ft  and  a  high 
value  of  23.1  million  sq  ft.  It  is  reasonable  to  suspect  that  installations 
with  greater-than-average  total  building  areas  would  also  likely  be  greater- 
than-average  water  users.  Having  observed  that  FORSCOM  and  TRADOC  installa¬ 
tions  are  generally  above-average  users,  then  it  is  also  likely  that  they  also 
have  greater-than-average  building  areas. 


Statistical  Analysis  of  Water  Use  Relationships 

These  observed  or  suspected  relationships  were  used  to  formulate  corres¬ 
ponding  hypotheses  and  were  empirically  tested,  using  joint  frequency  analysis 
between  pairs  of  variables  representing  average  daily  water  use,  source  of 
water,  mission  orientation,  and  total  building  floor  area.  Average  daily 
water  use  was  divided  about  the  population  mean  to  distinguish  installations 
which  were  "above-average"  and  "below-average"  water  users.  Sources  of  water 
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were  grouped  into  the  two  principal  categories  of  "single"  or  "multiple" 
sources.  Mission  orientation  was  represented  by  each  installation's  parent 
Major  Command.  Total  building  square  footage  was  also  separated  at  the  popu¬ 
lation  mean  for  this  variable.  In  each  hypothesis  examined,  the  statistical 
analysis  failed  to  reject  the  null  hypothesis  that  the  observed  frequencies 
were  not  different  from  the  expected  distribution  (Table  9).  Moreover,  exami¬ 
nation  of  the  individual  cells  in  each  test  verified  the  observations  provided 
by  Table  8.  Total  building  area  was  strongly  related  to  average  daily  water 
use,  as  indicated  by  the  high  level  of  statistical  significance  of  the  Chi- 
square,  and  there  is  a  significant  positive  correlation  between  above-average 
water  use  and  above-average  building  floor  area  (r  =  0.674).  Also,  the  total 
building  area  depends  partly  on  the  installation^  mission  orientation. 

Again,  FORSCOM  and  TRADOC  installations  were  found  to  have  above-average  total 
building  areas.  Logistical  installations  (AMC)  and,  generally,  the  remaining 
Major  Commands  use  less-than-average  daily  water  quantities  and  are  also  below 
average  in  total  building  gross  floor  area. 

Conclusions  Related  to  Water  Use  Patterns  Within  the  Study  Area 

Installations  that  use  more  than  about  1.8  mgd  are  likely  to  have  the 
mission  orientations  of  FORSCOM  and  TRADOC  (operational  readiness  and  soldier 
training),  multiple  sources  of  water  supply,  and  above-average  total  building 
floor  area.  Installations  that  use  less  than  1.8  mgd  are  likely  to  have  mis¬ 
sions  related  to  Logistical  support  and  materiel  development  (AMC),  single- 
source  water  supplies,  and  a  below-average  total  building  floor  area. 

Water  Planning  Insights  From  Installation  Visits 

Except  for  two  installations  in  the  Southwest,  water  supplies  were  con¬ 
sidered  more  than  adequate  for  present  and  future  peacetime  requirements. 

This  consensus  was  usually  based  on  the  judgment  that  water  service  was  being 
operated  below  water  system  capacities.  At  the  same  time,  however,  studies 
had  not  been  done  on  these  installations  to  determine  the  major  users  of  water 
and  quantities  of  water  used.  The  absence  of  water  studies  was  generally  at¬ 
tributed  to  the  lack  of  water  meters.  Water  utility  personnel  conceded  that 
water  losses  and  water  waste  are  occurring  but  have  not  been  quantified.  The 
potential  dollar  benefits  of  water  conservation  measures  are  not  viewed  from 
the  perspective  of  reducing  loss  or  waste  of  water.  Water  service  operation 
and  system  maintenance  costs  are  considered  small,  compared  to  energy  costs 
which  are  receiving  major  planning  emphasis  and  a  well-defined  conservation 
effort.  In  fact,  water  conservation  is  encouraged  primarily  to  reduce  energy 
costs . 
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Army  Regulation  420-167  provides  guidelines  for  computing  the  expansion 
capability  of  an  installation  to  support  the  water  requirements  of  increased 
soldier  numbers  and  related  equipment.  There  is  no  corresponding  requirement 
to  prepare  a  separate  forecast  of  water  use  in  a  peacetime  setting.  However, 
in  calculating  mobilization  water  requirements,  it  is  necessary  to  estimate 
nonmobilization  water  requirements  that  will  continue  to  use  installation  sup¬ 
plies  during  a  buildup  operation. 

The  procedures  employed  estimate  average  daily  water  use  based  on  recent 
historical  per  capita  use  and  are  discussed  in  detail  in  Chapter  4.  The  pro¬ 
cedures  assume  that  the  derived  per  capita  figure  is  appropriate  for  computing 
peacetime  requirements,  regardless  of  when  mobilization  would  occur.  At  least 
three  observations  can  be  made  that  cast  doubt  on  the  reliability  of  the  esti¬ 
mation  involved  in  this  procedure.  If  one  accepts  the  peacetime  water  use  ap¬ 
proximation,  will  it  continue  to  be  valid  in  5  years,  10  years,  or  longer?  Is 
peacetime  water  use  expected  to  increase  or  decrease  in  these  future  time 
horizons?  The  procedure  assumes  that  nonmobilization  water  use  will  remain  as 
it  was  when  the  study  was  conducted.  Second,  the  per  capita  estimation  tech¬ 
nique  assumes  homogeneous  water  use  throughout  the  installation  and  does  not 
offer  a  means  to  assess  separate  impacts  on  domestic,  commercial,  or  indus¬ 
trial  water,  which  may  differ  considerably  in  a  mobilization  setting. 

Finally,  water  conservation  measures  are  expected  to  enhance  water  availa¬ 
bility  during  expansion,  but  the  full  range  and  types  of  potential  conserva¬ 
tion  actions  are  not  identified,  assessed,  or  rank-ordered. 

It  is  clear  from  these  installation  visits  that  water  service  planning 
needs  improvement  in  predicting  peacetime  water  use,  identifying  sectoral  use, 
and  evaluating  potentially  beneficial  conservation  measures. 

Future  Expectations  of  Water  Source  Requirements 

Installation  water  utility  managers  were  asked  to  indicate  whether  pur¬ 
chase  of  water  will  increase,  decrease,  or  remain  about  the  same  by  FY  1990. 
The  same  question  was  asked  regarding  surface  and  ground  water  sources.  Seven 
Redbook  installations  did  not  respond  to  the  survey,  and  three  posts  from  the 
Military  District  of  Washington  which  did  reply  are  not  identified  individu¬ 
ally  in  the  Redbook  database. 

The  percentages  for  each  source  have  been  adjusted  to  exclude  posts  where 
the  source  is  not  applicable  or  is  under  consideration  as  a  potential  supple¬ 
mental  source  (Table  10).  Purchase  of  water  is  expected  to  increase  on  12  in¬ 
stallations.  Surface  and  ground  water  requirements  are  also  anticipated  to 
increase  on  nine  and  19  installations,  respectively.  Within  each  source  cate¬ 
gory,  about  half  of  the  installations  are  expecting  current-source  water 
requirements  to  remain  about  the  same.  Many  respondents  (29  separate 
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installations)  did  not  know  if  source  requirements  would  increase,  decrease, 
or  remain  the  same  by  FY  1990. 

Installation  water  service  planners  and  managers  were  asked  if  a  study 
had  been  done  in  the  past  5  years  that  included  a  forecast  of  future  installa¬ 
tion  water  needs.  Of  86  respondents,  63  indicated  "no"  (73  percent),  while  22 
(26  percent)  indicated  "yes";  one  respondent  noted  that  a  study  was  now  being 
done.  Of  the  22  completed  studies,  82  percent  are  based  on  a  per  capita  or 
adjusted  per  capita  forecasting  method.  Although  only  about  one  fourth  of  all 
responding  installations  have  apparently  evaluated  water  needs  for  the  future 
using  a  method  that  goes  further  than  judgmental  planning,  at  least  half  the 
installations  reported  their  future  water  needs  were  uncertain  or  would  in¬ 
crease.  Therefore,  there  are  voids  in  water  service  planning  and  forecasting 
that  require  more  emphasis  and  improved  forecasting  studies  to  substantiate 
current  expectations. 

Water  Shortage  Contingency  Plans 

A  short-term  water  shortage  may  occur  because  of  drought,  contaminated 
water  quality,  major  breaks  in  transmission  or  distribution  lines,  pumping 
station  or  treatment  plant  interruptions,  emergency  mobilization  requirements, 
or  combinations  of  any  of  these.  Water  shortages  caused  by  drought,  equipment 
failure,  and  contaminated  supplies  have  occurred  on  Army  installations  and 
warrant  well-prepared  and  coordinated  plans. 

Fifty-one  (60  percent)  installations  responding  to  the  survey  indicated 
no  documented  plans  were  on-hand.  One  installation  did  not  answer  the  ques¬ 
tion.  To  determine  if  there  was  a  significant  relationship  between  water 
emergency  contingency  plans  and  mission  orientation,  a  two-way  analysis  of 
joint  frequencies  was  conducted,  with  "contingency  plans"  as  the  dependent 
variable  and  Major  Command  as  the  independent  variable  (Table  11).  Major 
Commands  with  four  or  fewer  installations  were  grouped  into  an  "all  others" 
category.  The  specific  objective  was  to  see  if  FORSCOM  and  TRADOC  installa¬ 
tions  have  a  greater-than-expected  occurrence  of  water  contingency  plans,  as 
suggested  by  their  mission  orientation,  above-average  water  use,  and  larger- 
than-average  service  area  (building  gross  floor  area).  The  test  results  indi¬ 
cate  a  strong  relationship  between  contingency  plans  and  mission  orientation, 
with  a  Chi-square  level  of  significance  at  0.0001.  The  analysis  also  shows 
that  FORSCOM  and  TRADOC  installations  together  account  for  25  (68  percent)  of 
the  total  34  installations  reporting  on-hand  contingency  plans.  In  contrast, 
DARCOM  installations  exceed  expectations  for  "no  plans,"  having  29  (57  per¬ 
cent)  of  all  the  posts  in  this  response  group.  It  is  apparent  that  stations 
supporting  major  troop  units  in  a  readiness  posture  are  more  likely  to  be 
sensitive  to  potential  water  supply  emergencies  than  are  posts  with  materiel 
acquisition  or  storage  functions,  and  thus  prepare  contingency  plans  accord- 


Table  10 

Water  Requirements  From  Existing  Sources:  FY  1990  Expectations  of 
Installation  Water  PLanners  and  Managers 
(Number  of  Installations) 


_ Source  of  Supply* _ 

Expectation  Purchased  Water  Surface  Water  Ground  Water 


Increase 

12 

(21.0)**  9 

(19.6) 

19 

(29.2) 

Decrease 

1 

(1.8)  0 

(0) 

3 

(4.6) 

Remain  about 

the  same 

26 

(45.6)  23 

(50.0) 

29 

(44.6) 

Don't  know 

18 

(31.6)  14 

(30.4) 

14 

(21.6) 

Source  not 

applicable 

29 

40 

21 

Total 

Respondents 

86 

(100)  86 

(100) 

86 

(100) 

*An  installation  may 

be  included  in 

more  than  one  category  if 

it 

depends  on 

multiple 

sources. 

**Percentages 

in  parentheses  are  relative  frequencies  adjusted 

to 

exclude  "source  not 

applicable'  responses. 

Table  11 

Water  Shortage  Contingency  Plans 

and  Mission 

Orientation 

Mission  Orientation 

I 

Contingency  Plan  FORSCOM 

TRADOC 

AMC 

All 

Others 

Status  N* 

X 

N  X 

N  X 

N 

X 

1 

None  6 

Plan  14 

11.8 

41.2 

8  15.7 

9  26.5 

29  56.9 

4  11.8 

8 

7 

15.6 

20.5 

5 

3 

Prepared 

TOTAL 


20  23.5  17  20.0  33  38.8 


15  17.7 


*Number  of  responses 

Chi-Square  =  29.472  with  3  degrees  of  freedom  (d.f.) 
Probability  Significance  <.0001 


A  greater  number  of  single-water-source  installations  than  expected  do 
not  have  contingency  plans,  while  posts  with  multiple  sources  have  more  plans 
than  expected.  Using  the  status  of  contingency  plans  as  the  dependent  vari¬ 
able,  its  distribution  throughout  the  population  was  examined  in  terms  of  its 
correspondence  with  the  frequency  of  single  or  multiple  sources  of  water.  The 
relationship  was  significant  at  the  0.02  level,  with  a  Chi-square  value  of 
5.362.  The  correlation  between  the  two  variables  was  positive,  with  r  =  .251, 
significant  at  a  level  of  0.01  probability.  This  finding  raises  concern 
regarding  installations  without  plans  and  that  depend  on  a  single  source  of 
water  supply.  Reserve  supplies  may  be  readily  available,  but  procedures  to 
get  the  supplies  released  during  an  emergency  are  not  documented.  Water  util¬ 
ity  managers  would  be  well-advised  to  prepare  a  written  plan  for  minimizing 
costs  when  dealing  with  a  crisis  situation. 

Table  12  shows  the  types  of  emergencies  planned  for  by  the  34  installa¬ 
tions  that  have  written  plans.  Grouping  the  individually  coded  categories 
into  single  themes  shows  that  the  water  shortage  most  frequently  planned  for 
is  drought  (18  plans),  followed  by  contingencies  to  engage  emergency  mobiliza¬ 
tion  water  needs  (14  plans).  Eight  installations  have  planned  for  contami¬ 
nated  water  quality  and  an  equal  number  have  documented  plans  to  relieve  water 
shortages  due  to  a  mechanical  failure  in  the  water  system  or  a  power  outage. 
However,  most  installations  responding  to  the  survey  have  no  plans  on  hand. 


Recent  Water  Conservation  Programs 

Information  pertaining  to  water  conservation  activities  was  sought  to 
ascertain  the  extent  and  kinds  of  recent  conservation  measures  implemented  at 
Army  installations.  In  response  to  the  question,  "Has  your  installation 
implemented  a  water  conservation  program  within  the  past  five  years?",  55  (64 
percent)  installations  reported  that  they  had  not  done  so,  30  (35  percent) 
indicated  "yes,"  and  one  installation  did  not  respond  to  this  question.  The 
30  positively  responding  installations  identified  a  combined  total  of  80  water 
conservation  measures  which,  for  the  most  part,  were  briefly  described  with 
reasons  for  selection  and  results  of  implementation. 


Water  Conservation  Programs  Within  Major  Commands 

Statistical  tests  showed  no  systematic  relationship  between  the  distribu¬ 
tion  of  implemented  conservation  program  and  mission  orientation.  It  was  ex¬ 
pected  that  implementation  of  conservation  programs  would  be  more  likely  at 
FORSCOM  and  TRADOC  installations  than  at  AMC  and  "All  Other"  Major  Commands. 
Applying  a  criterion  of  0.05  probability  level  for  the  significance  of  the 
Chi-square  statistic,  it  was  found  that  the  relationship  between  practiced 
conservation  programs  and  mission  orientation  was  not  significant  (Table  13) 
for  the  surveyed  population.  Examination  of  the  patterns  between  Major 
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Table  12 

Water  Shortage  Contingency  Plans 


Type  of  Contingency 


Installations 
No.  % 


No  Documented  Plan  on  Hand 

51 

(60. ( 

Drought 

8 

(9.4) 

Emergency  Mobilization 

5 

(5.9) 

Contaminated  Water  Quality 

3 

(3.5) 

Mechanical  Failure 

7 

(8.2) 

Drought  and  Mobilization 

5 

(5.9) 

Drought  and  Contaminated  Quality 

2 

(2.4) 

Mechanical  Failure  and  Mobilisation 

1 

(1.2) 

Drought,  Mobi 1 izat ion,  and  Contaminated 

Quality 

3 

(3.5) 

(Mission  Response) 

1 

— 

TOTAL 

86 

100 

Table  13 

Water  Conservation  Programs  and 

Mission 

Orientation 

Mission  Orientation 

] 

Water  Conservation  FORSCOM  TRADOC 

AMC 

All 

Others 

Program  Status  N*  X  N  X  N 

X 

N 

X 

No  program  13 

22.6 

8 

14.6 

25 

45.4 

9 

16.4 

Program  imple¬ 
mented  in  the 
past  5  years  7 

23.3 

9 

30.0 

8 

26.7 

6 

20.0 

TOTALS  20 

23.5 

17 

20.0 

33 

38.8 

15 

17.7 

^Number  of  Respones 
Chi-square  *  3.784  with  3 
Probability  Significance 

d.f . 

=  0.466 

Commands  revealed  chat  FORSCOM  installations  account  for  13  (44.8  percent)  of 
the  total  implemented  programs,  which  is  identical  to  the  expected 
distribution  quantity.  However,  TRADOC  installations  account  for  11  (37.9 
percent)  of  all  implemented  programs  in  the  study  area,  which  does  exceed 
statistical  expectations.  Logistically  oriented  posts  and  the  comparatively 
smaller  Major  Commands  exhibit  fewer  programs  than  expected  based  on  the  popu¬ 
lation  distribution,  but  collectively,  the  relationship  is  weak.  Water  con¬ 
servation  programs  are  generally  distributed  without  significant  difference 
throughout  all  Major  Commands,  and  the  presence  of  an  operationalized  water 
conservation  program  is  not  significantly  related  to  mission  orientation. 

Water  Use  and  Water  Conservation  Programs 

The  occurrence  of  executed  water  conservation  programs  is  systematically 
related  to  the  average  daily  water  use  pattern  throughout  the  installations 
surveyed.  This  confirms  the  hypothesis  that  water  conservation  programs  are 
likely  to  occur  on  installations  with  above-average  water  use.  With  the 
"status  of  water  conservation"  as  the  independent  variable,  the  joint  fre¬ 
quency  analysis  resulted  in  a  Chi-square  value  of  7.745,  significant  at  the 
0.0054  leveL  for  one  degree  of  freedom  (Table  14).  More  than  three  fourths  of 
the  installations  with  no  water  conservation  programs  are  below-average  water 
users,  and  more  than  one  half  of  the  posts  with  water  conservation  programs 
produced  within  the  past  5  years  are  above-average  users.  The  correlation 
coefficient  (r  =  .307)  was  also  highly  significant,  so  the  hypothesis  cannot 
be  rejected.  Water  use  data  were  not  available  for  the  three  stations  in  the 
Military  District  of  Washington. 


Types  of  Conservation  Measures  Being  Implemented 


Restrictions  and  bans  are  most  frequently  implemented,  and  collectively 
account  for  55  percent  of  the  aggregate  total  (Table  15).  Irrigation  restric¬ 
tions  of  lawn  areas  and  golf  courses  include  alternate-day,  time-of-day,  and 
percent  reduction  controls.  Bans  or  limitations  on  washing  privately  owned 
cars  and  military  tactical  vehicles  are  also  imposed.  The  primary  reason  for 
selecting  these  measures  is  to  reduce  nonessential  water  use  during  dry  summer 
periods  or  drought;  enforcement  is  by  the  post  military  police.  These 
measures  are  short-term  mitigation  actions  during  an  emergency  water  short¬ 
age.  Results  of  implementation  expressed  by  the  study  participants  are  quali¬ 
tative,  not  quantitative.  For  example,  responses  include,  "Quick  way  of 
coping  with  an  emergency,"  "Met  water  reduction  goal  and  no  impact  on  mis¬ 
sion,"  "Satisfactory  reduction,"  and  "Used  less  water." 

Technological  measures  include  flow-restrictive  plumbing  fixtures  or 
devices  for  faucets,  showerheads,  and  toilets.  Among  the  reasons  cited  for 
choosing  these  measures  were  "To  conserve  water,"  "Energy  conservation  sugges¬ 
tion,"  "Reduced  utility  energy  consumption,"  and  "Cost-effective." 


Table  14 

Water  Conservation  Program  Status  and  Average  Daily  Water  Use 


Status  of  Water 
Conservation 
Program 


No  Program 

Program  implemented 
within  past  5  years 

TOTALS 


'vNumber  of  Responses 
Chi-square  =  7.745  with  1  d.f. 
Probability  Significance  =  0.0054 
r  =  .307 

Significance  =  .0025 


Average  Daily  Water  Use 


Below  Average  Above  Average 
N*  %  N  Z 


76.9 

12 

23.1 

52 

63.4 

46.7 

16 

53.3 

30 

36.6 

65.9 

28 

34.1 

82 

100.0 

Table  15 

Summary  of  Recently  Implemented  Conservation  Measures 


Reported  as  Having 
Applied  During 
Past  5  Years 


Type  of  Measure 


Description 


1-  Restrictions/Bans 

Family/bachelor  soldier  lawn  areas 

15 

(18.7) 

Golf  course  irrigation 

12 

(15.0) 

Car  washing 

9 

(11.2) 

; 

Tactical  vehicle  washing 

8 

(10.0) 

Technology 

Shower  flow-control  devices 

11 

(13.8) 

- 

Reuse/recycle  systems 

8 

(10.0) 

L» 

Faucet  flow  restrictors 

3 

(3.8) 

: 

Water-efficient  tank  commodes 

2 

(2.5) 

Institutional 

Leak  detection  studies 

3 

(3.8) 

Water  conservation  regulations 

2 

(2.5) 

Inspection  of  hot  water  heaters 

2 

(2.5) 

• 

and  boilers 

. 

Centralizing  tactical  vehicle 

1 

(1.2) 

wash  areas 

Conversion  to  desert  landscape 

1 

(1.2) 

Educational 

Requesting  voluntary  cutbacks 

3 

(3.8) 

• 

through  various  media 

TOTALS 

80 

(100.0) 

Installation  of  shower  flow-restrictors  resulted  in  customer  complaints  at 
four  posts;  in  one  case,  they  are  being  removed.  Six  installations  have  not 
measured  water  reduction  resulting  from  these  devices;  only  one  respondent 
stated  the  average  daily  quantity  reduction  per  family  attributable  to  these 
devices.  Other  conservation  measures  taken  were  reusing  treated  wastewater  to 
irrigate  the  golf  course  and  to  wash  military  vehicles,  and  recycling  water  in 
cooling  and  heating  processes  to  reduce  makeup  quantities.  These  actions 
produced  in  large  water  reductions  and  related  energy  cost  savings. 

Two  installations  had  implemented  post-wide  water  conservation  programs 
through  a  regulation  requiring  compliance  by  all  installation  water  users. 

One  post  indicated  this  had  reduced  water  consumption  by  about  2  million  gpd 
during  dry  summer  months.  Additional  institutional  measures,  such  as  leak 
detection  studies,  centralization  of  tactical  vehicle  wash  areas,  and  inspec¬ 
tion  of  hot  water  heaters  and  boilers  by  the  DEH  workforce  have  been  imple¬ 
mented.  One  post  in  the  Southwest  has  begun  selected  conversion  from  grassed 
landscape  to  desert  landscape  to  reduce  irrigation  water  requirements. 

Educational  programs  have  been  attempted  at  three  installations  where  the 
emphasis  has  been  to  request  voluntary  cooperation  by  residents  during  peak 
water  demand  periods  or  to  reduce  water  waste.  Examples  include  showering 
only  once  a  day  and  washing  dishes  or  laundry  with  a  full  load. 


Conclusions  Pertinent  to  Water  Conservation  Planning 

Water  conservation  programs  are  systematically  related  to  patterns  of 
average  daily  water  use.  Installations  with  above-average  daily  water  re¬ 
quirements  are  likely  to  have  implemented  a  water  program  within  the  past 
5  years,  while  those  with  below-average  daily  needs  tend  to  not  have  a  conser¬ 
vation  program.  The  presence  of  an  executed  conservation  program  is  not  sig¬ 
nificantly  related  to  mission  orientation.  Installations  must  individually 
determine  the  potential  benefits  of  specific  water  conservation  measures,  with 
no  real  incentives  to  pursue  such  a  study. 

The  information  obtained  from  the  survey  suggests  that  the  types  of  con¬ 
servation  measures  being  implemented  are  limited,  relative  to  the  number  iden¬ 
tified  in  the  literature.  Dzi egielewski 9  cites  numerous  references  where 
listings  can  be  obtained.  Visits  to  12  installations  indicated  either  a  lack 
of  information  regarding  a  broad  range  of  potential  water  conservation 
measures  or,  when  known,  how  to  choose  which  would  be  the  most  effective  and 


0B.  Dziegielewski ,  D.  D.  Baumann,  and  J.  J.  Boland,  The  Evaluation  of  Drought 
Management  Measures  for  Municipal  and  Industrial  Water  Supply,  Report  No. 
83-C-3  (Institute  for  Water  Resources,  U.S.  Army  Corps  of  Engineers,  1981). 


efficient.  Two  recent  reports9  review  domestic  pLumbing  fixtures  for  water 
reduction  and  irrigation  controL  practices  which  can  be  considered  by  instal¬ 
lation  water  managers. 

There  also  does  not  appear  to  be  a  planning  procedure  for  selecting  water 
conservation  measures.  Short-term  emergency  measures  have  generally  reduced 
water  use  during  shortages,  as  shown  in  the  responses  of  the  survey  partici¬ 
pants;  however,  it  is  not  known  whether  implementation  costs  could  have  been 
lessened  by  selecting  alternatives  that  might  also  have. attained  the  desired 
reduction  goal.  In  an  emergency,  best  judgment  must  prevail  by  evaluating  ap¬ 
plicable,  on-hand  information.  The  Corps  of  Engineers  Institute  for  Water 
Resources  recently  published  guidelines  for  determining  optimal  strategies  for 
water  shortage  mitigation  in  municipal  and  industrial  water  supplies10  that 
may  be  adaptable  to  the  water  planning  needs  of  military  installations.  How¬ 
ever,  both  short-term  measures  to  cope  with  emergency  shortages  and  long-term 
conservation  actions  that  would  beneficially  reduce  water  loss  and  waste  re¬ 
quire  a  procedural  framework  to  help  planners  identify  and  evaluate  them. 


Water  Service  Operation  and  System  Maintenance  Costs 

The  NDI  study  warned  that  water  service  could  be  expected  to  incur  higher 
expenditures,  both  for  production  on-post  and  for  reimbursing  local  communi¬ 
ties  that  provide  water  to  Army  installations.  Data  in  the  Redbooks  for  Fis¬ 
cal  Years  1975  through  1981  were  analyzed  to  determine  if  costs  have  been 
rising  in  both  operations  and  maintenance.  Fiscal  Year  1981  cost  data  were 
further  analyzed  to  determine  the  presence  and  extent  of  relationships  with 
patterns  of  water  use,  mission  orientation,  and  water  supply  sources. 

The  Redbook  data  segregate  water  costs  into  two  categories:  operational 
(water  service  costs)  and  maintenance  and  repair  (water  system  costs).  Opera¬ 
tional  costs  include  purchased  water  and  the  operation  of  water  treatment 
plants,  including  pumping  at  both  treatment  and  source  plants.  Maintenance 
and  repair  costs  are  for  sources  of  water  supply,  water  distribution  systems, 
treatment  and  filtration  plants,  equipment  for  pumping,  and  water  storage. 

The  Redbook  does  not  give  capital  expenditures  for  water  system  expansion  or 
major  component  replacement. 

To  measure  recent  patterns,  81  installations  having  continuous  data  re¬ 
ported  throughout  the  7  years  of  records  were  identified.  Unit  costs  for 
total  operations  were  computed  by  dividing  the  total  annual  cost  for  water 


9R.  J.  Scholze,  L.  J.  Benson,  M.  A.  Kamiya,  M.  J.  Staub,  and  J.  T.  Bandy, 
Water  Conservation  Methods  for  U.  S.  Army  Installations:  Volume  I,  Resi- 
dental  Usage  Management,  Technical  Report  N-146/A128550  (USA-CERL,  1982); 
R.  J.  Scholze,  L.  J.  Benson,  M.  A.  Kamiya,  M.  J.  Staub,  and  J.  T.  Bandy, 
Water  Conservation  Methods  for  U.S.  Army  Installations:  Volume  II,  Irri¬ 
gation  Management,  Technical  Report  N-146/A128516  (USA-CERL,  1983) .  " 

1  °Dziegielewski ,  Baumann,  and  Boland,  1983. 
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service  by  the  total  annual  quantity  of  water  given  in  1000-gal  units  to 
arrive  at  a  unit  cost  in  dollars  per  1000  gal.  Unit  maintenance  costs  were 
derived  similarly  by  dividing  by  the  total  annual  quantity  of  water.  This 
procedure  also  enables  the  unit  costs  for  each  category  to  be  summed  to  pro¬ 
vide  a  perspective  of  total  costs  for  these  two  categories.  Annual  unit  costs 
represent  the  average  of  the  unit  costs  of  the  81  installations  (Table  16). 
Average  costs  are  shown  in  both  nominal  (current)  and  1983  dollars.  The  con¬ 
stant  dollar  figures  were  obtained  by  inflating  current  dollar  data  according 
to  changes  in  the  Gross  National  Product  implicit  price  deflator.  This  pro¬ 
cedure  approximates  the  effect  of  cost  changes  on  the  total  economy  and  has 
been  used  similarly  by  Boland11  to  describe  water  utility  cost/time  trends. 

Nominal  costs  for  both  operations  and  maintenance  and  repair  increased  at 
the  average  rates  of  15.9  percent  and  18.9  percent  per  year,  respectively. 
Inflation  during  this  period  would  partially  explain  an  increase;  however, 
these  average  percentages  exceed  average  inflationary  rates  for  the  same 
period.  The  constant  dollar  pattern,  with  the  effects  of  inflation  removed, 
shows  that  operational  costs  are  still  increasing  at  an  average  annual  rate  of 
4.60  percent.  Maintenance  and  repair  costs  are  growing  at  an  average  annual 
rate  of  6.48  percent  (1983  dollars).  Total  average  costs  for  the  summed  cate¬ 
gories  are  also  rising  at  a  5.45  percent  average  annual  rate.  It  is  likely 
that  installation  maintenance  and  repair  costs  for  systems  approaching  the  end 
of  their  expected  economic  lives  will  grow  in  the  near  future  and  continue  to 
influence  time  trends  in  an  increasing  direction. 

Unit  average  costs  are  further  examined  in  the  following  sections  to 
determine  patterns  across  all  installations  in  the  study  area.  Average  costs 
for  water  service  operations  during  Fiscal  Year  1981  are  analyzed  to  determine 
significant  relationships  with  selected  variables. 


Operating  Costs  and  Water  Use,  Mission  Orientation,  and  Water  Supply 

Unit  costs  for  water  service  operation  in  FY  1981  ranged  from  $.03  per 
1000  gal  ($/k-gal)  to  $2.87/k-gal.  The  median  value  for  all  90  installations 
was  $.53/k-gal,  with  a  standard  deviation  of  $.51  ($/k-gal). 

Statistical  analysis  of  the  relationship  between  average  unit  water  costs 
and  water  use,  mission  orientation,  and  water  supply  revealed  the  following: 

1.  Army  installations  with  average  daily  water  use  above  the  mean  are 
likely  to  have  average  unit  operating  costs  below  the  mean  for  the  90 


1  IJ.  J.  Boland,  Water/Wastewater  Pricing  and  Financial  Practices  in  the 

United  States,  Technical  Report  1,  MMI  19-83,  prepared  for  Near  East  Bureau 
of  the  Agency  for  International  Development,  Washington:  Metometrics  Inc. 
(1983b). 


Table  16 


Average  Operation  and  Water  System  Maintenance  and  Repair 
Costs  for  81  Installations  in  Current  and  1983 
Dollars  ($/Thousand  Gallons  Produced) 


Water  Service  Water  System  Maintenance  Total 

Fiscal  Year  Operating  Expense  and  Repair  Expense  Expenditure 


Current  Dollars: 


1975 

0.233 

0.194 

0.427 

1976 

0.289 

0.244 

0.533 

1977 

0.293 

0.285 

0.578 

1978 

0.313 

0.327 

0.640 

1979 

0.384 

0.338 

0.722 

1980 

0.416 

0.301 

0.717 

1981 

0.492 

0.451 

0.943 

1983  Dollars*: 


1975 

0.413 

0.344 

0.757 

1976 

0.484 

0.409 

0.893 

1977 

0.461 

0.449 

0.910 

1978 

0.457 

0.478 

0.935 

1979 

0.512 

0.451 

0.963 

1980 

0.506 

0.366 

0.872 

1981 

0.546 

0.500 

1.046 

♦Current  dollar  values  inflated  by  Gross  National  Product  fixed  weight  implicit 
price  deflator  (Council  of  Economic  Advisors,  1984,  p  226). 


(Source:  Based  on  raw  data  from  the  Redbook,  Office  of  the  Chief  of  Engineers, 
1982,  1981a,  1980,  1979,  1978,  1977,  and  1976  for  81  Army  fixed  installations 
located  in  the  contiguous  United  States.) 


installations  (Table  17a).  Stations  with  below-average  daily  water  use  are 
likely  to  have  above-average  unit  costs. 

2.  Installations  assigned  to  FORSCOM  and  TRADOC  have  lower  than  average 
unit  costs,  and  AMC  and  "All  Other"  installations  have  a  greater  than  expected 
number  of  posts  with  higher  than  average  unit  costs. 

The  relationship  between  average  unit  operating  costs,  measured  by  Chi- 
square,  was  significant  below  the  0.05  criterion  level  (Table  17b).  Installa¬ 
tions  providing  water  service  from  a  single  source  of  supply  are  likely  to 
have  higher  than  average  unit  costs  for  water  service  operation.  Posts  with 
multiple  sources  of  water  have  expanded  options  and  can  mix  source  withdrawals 
to  coincide  with  a  least  cost  solution  and  have  lower  than  average  operating 
costs.  A  two-way  frequency  analysis  confirmed  a  statistically  significant 
relationship  between  average  unit  operating  costs  and  water  source  complexity 
(Table  18).  The  correlation  coefficient  (r  =  -0.282)  is  consistent  with  this 
relationship. 


Summary  of  Water  Planning  and  Related  Patterns  of  Water  Use 


Average  daily  water  use  during  Fiscal  Year  1981  was  assessed  to  determine 
the  characteristics  of  above-average  users  versus  below-average  users.  By 
dividing  the  90  installations  at  the  mean  population  value  of  1.8  million  gpd, 
it  was  statistically  determined  that  installations  requiring  daily  quantities 
of  water  above  this  mean  value  were  generally  oriented  toward  missions  of 
operational  and  deployment  readiness  or  intensive  soldier  training,  had  mul¬ 
tiple  sources  of  water  supply,  and  contained  above-average  total  gross  floor 
area  for  all  buildings.  Installations  below  the  population  mean  for  average 
daily  water  use  were  usually  aligned  with  logistical  support  or  materiel 
development  missions,  had  one  source  of  water  supply,  and  had  less  total 
building  floor  area. 


Installations  representing  these  various  missions'  functions  were  visited 
to  gain  insight  into  how  these  characteristics  impact  on  water  planning  and 
preparedness.  In  most  cases,  installation  water  utility  managers  appeared 
confident  that  future  water  needs  could  be  adequately  sustained  with  existing 
water  sources  and  water  system  capabilities.  There  appeared  to  be  few  incen¬ 
tives  for  evaluating  the  potential  benefits  of  conservation  measures,  unless  a 
proposed  measure  suggested  a  concurrent  dollar  savings  in  energy  consumption 
reduction. 


However,  the  results  of  a  mail  survey  to  which  86  installations  responded 
indicated  more  than  one  third  did  not  know  what  quantities  of  water  would  be 
needed  to  support  Fiscal  Year  1990  requirements.  Even  among  posts  that  ad¬ 
judged  a  general  direction  in  future  water  needs  (increase,  decrease,  or  simi¬ 
lar  to  FY  1983  levels),  only  about  one  fourth  of  the  reporting  stations  have 
apparently  evaluated  water  needs  for  the  future  using  a  planning  method  that 
goes  beyond  judgmental  planning.  The  22  water  use  forecasts  that  have  been 


Table  17 
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Selected  Relationships  With  Average  Unit 
Operating  Costs 


a.  Average  Unit  Operating  Costs  and  Average  Daily  Water  Use 

Average  Daily  Water  Use 


Average 

Operating 


Below  Average  Above  Average 


*Number  of  Responses 
Chi-square  =  16.390  with  1  d.f. 
Significance  =  0.0001 
R  =  -0.427 

Signficance  =  0.0001 


b.  Average  Unit  Operating  Costs  and  Mission  Orientation 


Average 

Operating 

Costs 


_ Mission  Orientation 

FORSCOM  TRADOC  AMC 

N*  Z  N  Z  N  Z 


Totals 


Costs 

N* 

Z 

N 

Z 

N 

Z 

Below  the  mean 

30 

51.7 

28 

43.8 

58 

64.4 

Above  the  mean 

30 

93.8 

2 

6.3 

32 

35.6 

TOTALS 

60 

66.7 

30 

33.3 

90 

100.0 

’VVVV.V 


All  Others 
N  Z 


Totals 
N  Z 
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Average  Unit  Operating  Costs  and  Sources  of  Water  Supply 


Sources  of  Water 


Operating 

Costs 

Single 

N*  % 

Multiple 

N  % 

Totals 

N  % 

Below  the  mean 

21 

36.2 

37 

63.8 

58 

64.4 

Above  the  mean 

21 

65.6 

11 

34.4 

32 

35.6 

TOTAL 

42 

46.7 

48 

53.5 

90 

100.0 

*Number  of  responses 

Chi-square  =  7.171  with 

1  d.f. 

Significance  =  0. 

,0074 

r  =  -0.282 

Significance  =  0.0035 


done,  however,  are  based  on  a  per  capita  or  adjusted  per  capita  approach, 
which  does  not  facilitate  the  evaluation  of  water  conservation  measures. 

Indicators  of  water  planning  were  assessed,  and  included  the  status  of 
water  shortage  contingency  plans  and  water  conservation  programs.  Appendix  B 
summarizes  the  responses  by  Major  Command.  Documented  contingency  plans  are 
more  likely  to  be  found  on  FORSCOM  and  TRADOC  installations;  at  AMC  stations, 
where  single  sources  of  water  supply  prevail,  there  were  no  particular 
plans.  Most  installations  (59  percent)  indicated  they  had  no  plans,  which 
reflects  a  need  to  increase  emphasis  in  this  area. 

There  is  no  water  conservation  policy  disseminated  throughout  Army  in¬ 
stallations;  as  a  result,  55  (64  percent)  of  the  surveyed  installations  indi¬ 
cate  they  have  not  implemented  a  water  conservation  program  within  the  past 
5  years.  Moreover,  the  types  of  conservation  measures  being  used  are  limited 
primarily  to  irrigation  restrictions  and  reduced-flow  plumbing  fixtures;  in 
most  instances,  the  benefits  or  costs  of  these  measures  have  not  been  quan¬ 
tified.  It  would  appear  that  a  mandated  water  conservation  policy  would  pro¬ 
vide  a  stimulus  to  broaden  this  water  planning  effort;  however,  procedural 
guidelines  are  needed  to  help  installation  planners  evaluate  potentially  adap¬ 
table  and  socially  acceptable  conservation  actions. 

An  additional  incentive  is  the  recognition  that  total  average  costs  for 
water  service  operation  and  water  system  maintenance  and  repair  have  been 
increasingly  significantly  in  constant  dollars  between  1975  and  1981.  These 
costs  are  likely  to  continue  to  rise,  particularly  on  posts  where  aging  system 
components  will  need  replacement.  Capacity  requirements  will  have  to  be 


» 


reevaLuated  in  Light  of  demand  reduction  opportunities  offered  by  water 
conservation  programs.  Within  the  study  area,  the  average  operating  costs  at 
FORSCOM  and  TRADOC  installations  are  typically  lower  than  the  mean,  while 
those  at  AMC  and  the  remaining  Major  Commands  are  generally  higher  than 
average,  probably  due  to  their  characteristic  single  source  of  water  supply. 

The  information  gained  from  this  study  shows  that  water  service  planning 
within  the  study  area  is  inadequate  in  three  areas:  forecasting,  water  short¬ 
age  contingency  planning,  and  procedural  assessment  of  potential  water  conser¬ 
vation  measures.  Recent  patterns  indicate  that  average  water  utility  opera¬ 
tion,  maintenance,  and  repair  costs  are  increasing  annually  in  real  dollars, 
and  will  require  increasingly  larger  budget  allocations.  Improved  planning 
procedures  would  provide  one  means  of  curbing  these  rising  costs. 
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4  ANALYSIS  OF  CURRENT  WATER  USE  EST T MAT F ON  PROCEDURES 


Computing  per  capita  water  use  would  require  using  the  effective  popula¬ 
tion  data  entered  for  each  installation  in  the  Redbook ;  however,  there  is 
reason  to  suspect  that  the  values  published  are  misleading.  Installation 
visits  showed  that  water  utility  managers  and  planners  rarely  refer  to  water 
use  in  per  capita  measures.  They  frequently  commented  that  per  capita 
measures,  if  used,  would  be  subject  to  large  changes,  depending  on  how  the 
census  was  conducted  and  whether  Reserve  or  Army  National  Guard  units  were 
present  for  annual  field  training.  Surges  in  population  caused  by  these 
training  cycles,  as  well  as  by  summer  seasonal  water  requirements,  would 
affect  per  capita  water  use  values.  Furthermore,  the  effective  population  is 
not  consistently  computed  by  the  same  staff  agency  on  every  installation  and 
was  not  being  calculated  by  DEH.  These  observations  raised  questions  about 
measurement  procedures,  which  are  identified  and  examined  in  this  chapter. 


Current  Procedures  for  Estimating  Average  Daily  Water  Requirements 

Computation  of  effective  population  is  based  on  the  military-dependent 
and  civilian  populations  of  an  installation.  The  effective  population  is  cal¬ 
culated  on  a  monthly  basis  by  averaging  the  sum  of  daily  counts  of  resident 
military  and  civilian  personnel  and  their  family  members  and  one  third  of  all 
nonresidents.  The  annual  values  given  in  the  Redbook  represent  the  average  of 
the  sum  of  the  previous  12-month  averages. 

Effective  population  is  a  key  determinant  in  the  current  procedures  for 
estimating  average  installation  water  requirements.  The  effective  population 
is  multiplied  by  a  multi-purpose  capacity  factor  to  yield  a  design  population 
which  is  then  used  to  determine  the  required  capacity  of  the  supply  works. 

The  required  daily  demand  is  the  product  of  the  design  population  and  a  per 
capita  water  allowance  of  150  gpd,  plus  any  special  industrial  requirements 
and  irrigation  demands  (Figure  2). 

Effective  population  introduces  errors  into  computation  of  installation 
water  use  in  two  ways.  First,  this  procedure  assumes  that  nonresidents 
account  for  one  third  of  the  water  cf  residents  and  that  the  per  capita  water 
use  of  a  bachelor  soldier  living  on  post  is  identical  to  that  of  a  resident 
family  member.  Metering  studies  at  Fort  Carson,  CO,  revealed  that  civilian 
nonresident  use  is  more  nearly  one  ninth  than  one  third  of  the  allotted  150 
gal  per  capita  per  day  (gpcd).12  Matherly13  metered  the  water  use  of  soldiers 
living  in  troop  housing  at  Fort  Carson  and  found  a  per  capita  per  day  range  of 
29  to  77  gal  during  April  and  June  1977.  The  proportional  weighting  scheme 


l2J.  T.  Bandy  and  R.  J.  Scholze,  USA-CERL  TR  N-157,  1982. 

1  3J.  E.  Matheriy,  M.  J.  Staub,  L.  J.  Benson,  and  R.  J.  Fileccia,  Water  Usage 
Profile:  Fort  Carson,  Colorado,  Technical  Report  N-34/ADA053227  (USA-CERL, 

1978). 
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EFFECTIVE  POPULATION! 


RESIDENT  MILITARY  AND  CIVILIAN  PERSONNEL 
FAMILY  MEMBERS  OF  THE  ABOVE 
NON-RESIDENTS 

(SOLDIERS,  FAMILY  MEMBERS,  CIVILIANS 
WHO  COMMUTE  TO  THE  INSTALLATION) 

EFFECTIVE  POPULATION  »  N0NRES-ID^  P0PULftII0N  ♦  RESIDENT  POPULATION 
DESICN  POPULATION: 

(EFFECTIVE  POPULATION)  X  (CAPACITY  FACTOR) 

REQUIRED  DOMESTIC  DEMAND; 

(DESICN  POPULATION)  X  (PER  CAPITA  DOMESTIC  WATER  ALLOWANCE) 

REQUIRED  DAILY  DEMAND: 

(REQUIRED  OOMESTIC  DEMAND)  ♦  (SPECIAL-PURPOSE  WATER  USES) 

(INCLUDES  INDUSTRIAL,  AIRCRAFT-WASH,  IRRIGATION,  AIR 
CONDITIONING,  OR  OTHER  DEMANDS) 

Figure  2.  Current  procedures  for  estimating  required  daily  water  ser¬ 
vice.  [(From  Water  Supply  Sources  and  General  Considerations, 
Technical  Manual  5-813-1  (interim  use  draft)  (DA,  1979a.)] 


for  effective  population  on  this  installation  during  this  time  would  more 
likely  be  about  9:3:1  for  residents,  bachelor  soldiers,  and  civilian  nonresi¬ 
dents,  respectively. 

The  second  way  errors  are  introduced  is  in  the  current  procedure  for 
estimating  an  annual  representative  value  for  average  effective  population,  as 
is  shown  for  each  installation  in  the  Redbook.  Averaging  monthly  average  ef¬ 
fective  population  values  (assuming  that  they  are  representative  values)  to 
arrive  at  an  annual  value  for  estimating  per  capita  water  service  leads  to 
error.  This  problem  can  be  seen  by  referring  to  the  entries  of  Table  19, 
which  shows  actual  monthly  data  obtained  from  a  study  done  at  Fort  Chaffee, 

AR. 1 4 


ll*Robert  G.  Muir  and  Associates,  Emergency  Expansion  Capability  Plan,  Steps 
1-4,  Fort  Chaffee,  prepared  under  the  direction  of  the  Department  of  the 
Army,  Fort  Worth  District,  Corps  of  Engineers,  Colorado  Springs,  CO  (1979). 
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Table  19 


Water  Data  for  Fort  Chaffee,  FY  1978 
(From  raw  data  excerpted  from  Robert  C.  Muir  and  Associates,  Emergenc 
Expansion  Capability  Pian,  Steps  1-4,  Fort  Chaffee,  prepared  under 
the  direction  of  the  Department  of  the  Army,  Fort  Worth  District, 
Corps  of  Engineers,  Colorado  Springs,  CO  [1979),  pp  1-8.) 


Month 

Total 

Delivered  Water 
(k-gal ) 

Average  Daily 
Effective  Popula¬ 
tion  Per  Month 

Average  D 
Per  Capita 
sumption  ( 

Oct  77 

2,535 

298 

284 

Nov  7  7 

2,049 

253 

270 

Dec  7  7 

3,795 

207 

611 

Jan  78 

11,141 

161 

2,307 

Feb  78 

12,248 

257 

1,589 

Mar  78 

9,131 

312 

976 

Apr  78 

10,399 

1,213 

286 

May  78 

13,991 

1,397 

334 

Jun  78 

21,369 

10,276 

69 

Jul  78 

22,730 

13,502 

56 

Aug  78 

10,880 

5,000 

73 

Sep  78 

5,130 

238 

718 

Annual  Total 

120,268 

— 

— 

Annual  Average 

Daily  Values 

329,501  gal 

2,760 

631 

The  annual  average  daily  values  for  delivered  water,  effective  popula¬ 
tion,  and  per  capita  consumption  have  been  calculated  and  are  shown  in 
Table  19.  Per  capita  consumption  values  are  not  given  in  the  Redbook;  only 
figures  for  the  total  annual  water  service  and  annual  average  daily  effective 
population  are  shown.  Computing  a  value  based  on  annual  average  daily  water 
service  (total  divided  by  356  days)  and  annual  average  daily  effective  popula¬ 
tion  results  in  a  quite  different  estimation  of  per  capita  water  service. 

This  is  shown  by  comparing  the  per  capita  values  derived  from  the  two  methods? 


N  =  12 

l  Monthly  Average  Daily  Per  Capita  Water  Usage 
N  12 


=  631  gpcd 


Annual  Average  Daily  Delivered  Water  _  329 , 501 

Annual  Average  Daily  Effective  Population  2760 


119  gpcd 


[Eq  1] 


[Eq  2] 


Eq  2  shows  the  problem  of  successively  averaging  daily  effective  population 
figures  to  arrive  at  a  monthly  average  daily  value,  and  then  averaging  the 
results  to  obtain  an  annual  average  daily  value.  In  this  example,  it  results 
in  a  gross  underestimation  of  average  daily  per  capita  water  use.  Moreover, 
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Che  631  gpcd  value  does  not  reflect  the  broad  range  of  monthly  per  capita 
values,  which  in  this  case,  varies  from  a  low  of  56  gpcd  (13,502  effective 
population)  to  a  high  of  2307  gpcd  (161  effective  population).  This  wide 
fluctuation  in  monthly  population  values  would  be  rare  among  civilian  communi¬ 
ties,  but  is  a  frequent  pattern  on  Army  installations  that  serve  as  periodic 
training  sites  for  Army  Reserve  and  National  Guard  units. 


A  Test  of  Current  Estimating  Procedures 

As  a  further  test  to  determine  the  reliability  of  the  FY  1981  Redbook  ef¬ 
fective  population  data,  the  average  daily  per  capita  water  use  values  were 
calculated  for  each  of  the  90  installations  by  dividing  a  computed  average 
daily  water  use  quantity  for  the  given  installation  by  the  effective  popula¬ 
tion  value.  These  values  for  90  installations  were  used  in  a  bivariate  re¬ 
gression  analysis,  with  effective  population  being  the  dependent  variable. 

The  mean  value  for  the  average  daily  per  capita  water  use  indicator  was  242.04 
gpcd,  with  a  standard  deviation  of  the  mean  at  349.67  gpcd  and  a  standard 
error  of  the  mean  at  36.86. 

The  results  of  the  analysis  are: 

Average  daily  =  324.78  -  0.006  (effective  population)  [Eq  3] 

per  capita  water  (6.778)  (-2.591) 

requirements 

The  values  of  the  t-statistic  are  given  in  parentheses;  both  were  significant 
below  the  0.02  leveL.  However,  the  coefficient  of  determination  (R^ )  was  only 
0.071,  and  the  standard  error  of  the  estimate  was  338.96  gpcd.  The  capability 
of  this  model  to  predict  is  obviously  unacceptable.  Installations  with  small 
populations  would  generally  be  overestimated.  Also,  the  mean  value  of  the 
estimated  average  day  per  capita  water  use  is  nearly  one  and  one  half  times  as 
large  as  the  national  average  of  166.74  gpcd  determined  in  a  1981  survey  of 
water  utilities  by  the  American  Water  Works  Association.  The  negative  sign 
of  he  coefficient  suggests  that  per  capita  water  use  is  inversely  related  to 
the  size  of  the  effective  population.  The  larger  the  effective  population, 
the  lower  the  value  for  per  capita  water  use. 

To  adjust  for  this  bias,  designers  of  the  current  procedures  for  esti¬ 
mating  average  daily  water  use  apparently  "normalized"  all  per  capita  consump¬ 
tion  values  to  150  gpcd  and  introduced  an  adjustment  factor,  known  as  the 
capacity  factor,  into  their  estimating  equation.  Bandy  and  Scholze15  inves¬ 
tigated  the  derivation  of  this  factor  and  its  functional  purpose.  The  capa¬ 
city  factor  varies  inversely  with  the  magnitude  of  the  population  in  the  ser¬ 
vice  area  and  is  intended  to  allow  for  population  increase,  variations  in 
water  demand,  uncertainties  as  to  actual  water  requirements,  and  unusual  peak 
demands.  An  effective  population  of  5000  or  fewer  would  have  a  capacity 
factor  of  1.5,  while  an  installation  with  50,000  or  more  persons  would  have  a 
capacity  factor  value  of  1.0. 


15J.  T.  Bandy  and  R.  J.  Scholze,  USA-CERL  TR  N-157,  1982. 
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Because  the  current  procedures  for  estimating  average  daily  water  use  are 
Linked  explicitly  to  effective  population,  it  is  reasonable  to  conclude  that 
approximations  of  average  daily  water  use  would  also  be  suspect.  To  test  this 
conclusion,  the  procedures  shown  in  Figure  3  were  followed;  the  expected  aver¬ 
age  daily  water  use  for  the  90  installations  was  calculated  by  multiplying  the 
effective  population  values  in  the  Fiscal  Year  1981  Redbook  by  the  appropriate 
capacity  factor  and  a  prescribed  per  capita  daily  allowance  of  150  gal.  Spe¬ 
cial-purpose  quantities  of  water  are  not  known  for  each  installation  and  were 
assumed  to  be  zero  during  the  Lest.  Because  of  this  limitation,  it  was  rea¬ 
sonable  to  expect  that  the  estimates  would  be  less  than  the  actual  average 
daily  water  use  in  the  Redbook  database.  The  Redbook  data  for  water  use  is  an 
aggregate  measure  and  encompasses  all  water  delivered  throughout  each  instal¬ 
lation. 

The  actual  and  estimated 
ticipating  that  the  latter  val 
because  special-purpose  water 
was  determined  that  57  of  the 
age  uses  greater  than  actual, 

3 ) . 

An  analysis  of  variance  of  the  predicted  and  actual  values  for  average 

daily  water  use  was  conducted  to  determine  the  coefficient  of  determination 
7  -2 

(R  )  and  the  standard  error  (SEE)  of  the  estimate.  The  R  value  was  0.564  and 

the  SEE  was  1.374  million  gpd. 

It  is  not  possible  to  adjust  the  range  of  error  in  the  estimated  values 
without  knowing  the  amount  of  special-purpose  water;  however,  there  is  a  lack 
of  data  because  there  are  no  meters  for  these  activities.  Moreover,  for  those 
installations  already  being  overestimated,  added  special-purpose  water  would 
further  exaggerate  average  daily  water  use  approximations. 

Collectively,  the  indicators  observed  from  this  assessment  are  sufficient 
to  conclude  that  attempts  to  predict  water  use  with  any  form  of  effective  pop¬ 
ulation  (as  it  is  presently  calculated  and  shown  in  the  Redbook  database) 
would  produce  substantial  error.  A  variety  of  procedures  are  practiced 
throughout  the  water  industry.  These  methods  are  examined  for  application  to 
Army  installations  in  the  following  section. 

Water  Use  Forecasting  Methods  in  Civilian  Communities 

Water  demand  or  requirement  forecasting  methods  have  improved  greatly  in 
the  past  20  years.  One  way  of  categorizing  these  techniques  is  to  separate 
them  by  the  complexity  of  the  variables  extended  into  the  model  specifica¬ 
tions.  Single-  and  multiple-coefficient  methods  are  discussed,  and  selected 
examples  are  critiqued  from  the  perspective  of  compatibility  with  the  existing 
Army  database. 


average  daily  water  uses  were  then  compared,  an- 
ue  wouLd  be  smaller  than  the  actual  value 
had  not  been  included  in  the  computation.  It 
90  installations  (63  percent)  had  expected  aver- 
indicating  substantial  overestimation  (Figure 


ESTIMATED  (in  millions  of  gallons) 


ACTUAL  (in  millions  of  gallons) 


Figure  3.  Comparison  of  actual  vs.  estimated  average  daily  water 
service,  applying  current  computational  guidelines. 


53 


Single  coefficient,  methods  of  estimating  water  use  employ  a  single  ex¬ 
planatory  variable  in  the  prediction  model.  Such  models  require  data  that 
would  satisfy  empirical  analysis  using  these  model  forms;  however,  this  data 
is  not  readily  identifiable  on  Army  installations.  Unit  use  coefficient 
methods  are  frequently  used  to  estimate  commercial  water  use16  and  industrial 
water  use.17  In  general,  water  use  is  forecasted  as  a  function  of  the  number 
of  industrial  employees  or  the  number  of  households  within  the  framework,  of  a 
disaggregate  forecast.  Application  on  Army  installations  would  require  data 
on  water  use  for  commercial  and  industrial  activities,  and  these  data  are  not 
separable  from  total  water  service  measurements. 

Multiple  coefficient  methods  use  two  or  more  explanatory  variables  as  a 
mathematical  function  of  future  water  use.  The  variables  are  chosen  because 
of  their  past  correlation  to  water  use,  and  the  functional  form  is  selected  to 
provide  an  acceptable  fit  to  historic  data.  Water  use  models  can  usually  be 
estimated  by  means  of  regression  analysis  from  cross-sectional  data  repre¬ 
senting  simultaneous  observations  of  water  use  and  explanatory  variables  at  a 
number  of  locations  during  a  single  time  period.18  The  Redbook  data  for  Fis¬ 
cal  Year  1981  exhibit  these  characteristics  and  provide  the  basis  for  testing 
a  water  requirements  model. 

Studies  have  shown  that  multiple  coefficient  requirements  models  perform 
well  in  predicting  aggregate  and  sectoral  water  use.  Studies  were  sought  to 
determine  if,  among  tested  explanatory  variables,  building  square  footage  and 
acreage  were  used  to  predict  water  use.  A  number  of  published  reports  show 
significant  relationships  between  water  use  and  area  variables.  Romm19  argues 
that  land  use  projections  are  more  reliable  than  population  projections  for 
determining  future  water  requirements.  In  a  disaggregated  projection  for  the 
Santa  Clara  Valley  Water  district,  he  estimates  residential,  industrial,  and 
agricultural  use  as  a  function  of  subarea  location,  land  area  in  acres,  ex¬ 
pected  land  use,  and  other  inputs  based  on  a  master  plan  for  the  region. 


16A.  C.  Thompson,  V.  E.  Smith,  and  W.  R.  Calvin,  Development  of  Commerical  In¬ 
stitutional  Parameter  Units  for  the  MAIN  II  System  of  Water  Demand  Fore¬ 
casting  ,  OWRT  Project  C-6188  (Water  Resources  Research  Institute,  University 
of  Wyoming,  1976);  R.  H.  McCuen,  R.  C.  Sutherland,  and  J.  R.  Kim,  "Fore¬ 
casting  Urban  Water  Use:  Commercial  Establ i shmens ,"  Journal  of  the  American 
Water  Works  Association,  Vol  67,  No.  5  (May  1975),  pp  239-244. 

I7J.  C.  Schaake,  Jr.,  and  D.  C.  Major,  "Model  for  Estimating  Regional  Water 
Needs,"  Water  Resources  Research,  Vol  8,  No.  3  (June  1972),  pp  755-759; 
Forecasting  Municipal  Water  Requirements:  Volumes  I  and  II,  the  MAIN  II 
System,  Report  No.  HIT-413  (Hittman  Associates,  Inc.,  1969). 

18J.  J.  Boland,  V).  Moy,  R.  C.  Steiner,  and  J.  L.  Pacey,  Forecasting  Muni¬ 
cipal  and  Industrial  Water  Use:  A  Handbook  of  Methods,  Report  No.  83C-01 
(institute  for  Water  Resources,  U.  S.  Army  Corps  of  Engineers,  1983). 

19J.  K.  Romm,  "Water  Supply,  Land  Use,  and  Urban  Growth,"  Journal  of  Water 
Resources  Planning  and  Management  Division,  Proceedings  of  the  American 
Society  of  Civil  Engineers,  Vol  103,  No.  WR2  (November  1977),  pp  271-284. 
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Water  use  on  Army  installations  can  also  be  explained  by  grouped  building 
areas  analogous  to  the  use  of  land  areas  for  predicting  water  requirements. 

In  this  study,  functional  building  gross  area  is  analyzed  in  square  feet, 
rather  than  in  functional  land  areas.  Although  more  detailed  data,  such  as 
individual  building  areas  and  monthly  quantities  of  water  use,  are  maintained 
at  the  installation  level,  permission  for  its  release  would  have  to  be 
obtained  through  the  military  chain  of  command.  In  this  study,  categorized 
total  building  areas  are  examined  for  variance  differences  in  order  to  sum 
them  into  new  composite  variables  that  represent  independent  sectors  of  water 
use.  Improved  ground  acreage  and  evapotranspiration  are  also  empirically 
tested  in  the  conceptualized  model.  Chapter  5  presents  the  details  of  this 
analysis. 


Summary  of  Water  Use  Estimation  Procedures  Analysis 

The  measure  of  effective  population,  a  key  parameter  in  these  procedures, 
is  suspect  due  to  the  questionable  weights  applied  to  resident  and  non-resi¬ 
dent  groupings.  The  data  representing  effective  population  in  the  Redbook 
cannot  be  used  to  determine  per  capita  average  daily  water  use  because  of  the 
way  it  is  computed.  The  current  procedures  for  estimating  average  daily  water 
use  were  demonstrated  and  compared  to  actual  water  use  values  for  the  90  in¬ 
stallations  in  the  study  area.  The  results  show  that  estimation  is  inaccurate 
and  that  predictions  of  future  water  requirements  using  this  procedure  would 
be  unacceptable. 
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5  DATA  STRUCTURE  ANALYSIS  AND  MODEL  DEVELOPMENT 


This  chapter  examines  an  alternative  approach  to  the  Army's  current  pro¬ 
cedural  guidelines  for  estimating  average  daily  installation  water  require¬ 
ments.  The  alternative  approach  improves  estimation  and  is  acceptable  as  a 
prediction  tool  for  forecasting  future  peacetime  water  requirements  for  the 
installations  in  the  study  area.  The  model  was  developed  by  analyzing  the 
structure  of  cross-sectional  data  representing  the  gross  square  footage  of 
categorized  buildings  on  90  installations.  Water  use  sectors  were  identified 
and  further  tested  to  determine  statistical  relationships  with  average  daily 
water  use.  The  results  of  these  tests  and  subsequent  multivariate  regression 
procedures  are  presented  and  interpreted. 


The  Model  Framework 


The  generalized  model  to  be  used  as  a  framework  for  this  study  takes  the 
following  form: 


*ad 


=  f  (S, 


MD) 


[Eq  4 


where : 

Qa(j  =  average  daily  installation  water  service  in  1000  gal  (k-gal) 
and  is  a  function  (f)  of: 

Sf  .  .  .  Sn  =  independent  variables  related  to  allocated  building 
gross  floor  area  in  1000  sq  ft  (k-sq  ft)  and  rep¬ 
resenting  sectors  of  water  use. 

MD  =  summer  moisture  deficit  factor  for  total  improved 
grounds  area  in  acres,  further  defined  as: 

MD  =  TOIMPG  (wr  -  0.6rg) 

where : 

TOIMPG  =  total  improved  ground  acreage  per  installation 

wr  =  summer  average  potential  evapotranspiration  rate 

rg  =  average  summer  precipitation  rate. 

Each  sector  is  made  up  of  one  or  more  categories  of  buildings  which  will  be 
identified  by  analyzing  of  the  gross  square  footage  of  each  category.  Twelve 
types  of  areas  encompass  every  building  on  any  post  where  water  use  can 
occur.  The  moisture  deficit  factor  accounts  for  outdoor  irrigation  or  dust 


control  water  use  and  embodies  the  land  area  where  water  is  used  for  this  pur¬ 
pose.  Conceptually,  therefore,  the  model  includes  all  areas  on  a  given  in¬ 
stallation  where  water  is  delivered  and  used.  Initially,  the  sectors  may  be 
considered  to  represent  the  commonly  recognized  residential,  commercial,  in¬ 
dustrial,  and  institutional  water  use  sectors. 

In  this  analysis,  it  is  critical  that  all  12  categories  be  included  in 
the  pending  sectoral  constructs  to  assimilate  the  total  post  real  property 
where  water  use  occurs.  Exclusion  of  a  single  category  would  suggest  that  it 
has  no  relationship  to  installation  water  service,  but  there  is  no  evidence  to 
support  such  conclusions.  Also,  category  rejection  would  weaken  the  combined 
sector  array  and  imply  incomplete  final  model  specif ication.  Although  the 
model  developed  herein  is  intended  to  be  used  for  prediction,  it  must  actually 
provide  for  a  reasonable  explanation  of  water  service  as  a  complete  composite 
of  various  sectors  of  water-using  activities. 

Categories  of  buildings  range  from  family  housing  structures  to  research 
and  development  buildings,  with  all  areas  measured  in  units  of  1000  sq  ft  and 
with  nonoverlapping  category  contents.  The  Redbook  provides  gross  floor  area 
measurements  of  every  building  category  on  each  installation  in  thousands  of 
square  feet.  This  accounting  is  based  on  a  uniform  construction  category 
coding  system  established  by  Army  Regulation  and  applies  to  every  installation 
in  the  Army.  Table  20  shows  the  general  categories  of  building  areas  as  inde¬ 
pendent  variables  1  through  12.  Because  of  the  uniform  coding  system,  the 
Army  can  keep  an  accurate  inventory  and  control  of  all  facilities  in  a  compat¬ 
ible  manner.  Each  category  is  independent  of  all  others  regarding  the  content 
of  the  types  of  buildings  it  contains.  The  following  sections  discuss  each 
category  and  its  expected  effect  on  water  service. 


Family  Housing 

This  category  represents  all  buildings  used  as  or  in  conjunction  with 
family  quarters,  including  attached  private  garages  and  detached  appurtenant 
structures  such  as  garages,  adjacent  storage  sheds,  laundry  rooms,  and  incin¬ 
erators.  The  types  of  housing  include  single-family  residences  and  multiple- 
family  permanent  dwellings.  Water  service  for  domestic  water  uses  is  expected 
to  increase  as  buildings  are  added  in  this  category. 


Bachelor  Soldier  Quarters 


Housing  for  unaccompanied  personnel  (without  on-station  family)  is  pro¬ 
vided  by  barracks,  dormitories,  and  other  similar  facilities  with  or  without 
dining  (kitchen)  facilities.  This  category  also  includes  detached  dining 
facilities  where  soldiers  and  civilians  regularly  have  their  meals  as  a  group 
and  day  rooms  (lounge  and  game  rooms).  Water-using  activities  are  for  per¬ 
sonal  hygiene,  but  would  also  satisfy  water  requirements  associated  with  large 
mess  halls,  which  are  comparable  to  commercial  cafeterias  of  the  same  size. 


Dependent  Variable: 

1 

Qad 

Average  daily  water  service 

k-gal 

Independent 

Variable : 

1 

FAMBLD 

Family  housing  gross  floor  area 

k-sq 

ft 

2 

BACBLD 

Bachelor  housing  gross  floor  area 

k-sq 

ft 

3 

TRABLD 

Training  buildings  gross  floor  area 

4 

COMBLD 

Community  buildings  gross  floor  area 

k-sq 

ft 

5 

MEDBLD 

Medical  buildings  gross  floor  area 

k-sq 

ft 

6 

OPSBLD 

Operations  buildings  gross  floor  area 

k-sq 

ft 

7 

MNTBLD 

Maintenance  and  production  buildings 
gross  floor  area 

k-sq 

ft 

8 

STOBLD 

Storage  buildings  gross  floor  area 

k-sq 

ft 

9 

RDTBLD 

Research,  development,  and  test 
buildings  gross  floor  area 

k-sq 

ft 

10 

UTPBLD 

Utility  plants  gross  floor  area 

k-sq 

ft 

11 

ADMBLD 

Administration  buildings  gross 
floor  area 

k-sq 

ft 

12 

OTHBLD 

Other  buildings  gross  floor  area 

k-sq 

ft 

13 

MDEFICIT 

Average  moisture  deficit  factor 

in. / acres 

summer 


58 


Water  service  would  increase  commensurate  with  an  expansion  of  the  facilities 
in  this  category.  Laundry  facilities  are  generally  centrally  located  in 
dormitories  for  common  use  by  building  residents;  however,  they  may  prefer  to 
use  laundromats  elsewhere. 


Training 

Classrooms  and  other  special  buildings  where  instruction  is  given  make  up 
this  category  and  would  cover  structures  on  training  courses,  ranges,  and 
maneuver  areas.  Water  is  required  for  drinking  and  sanitary  purposes;  service 
to  these  buildings  would  increase  as  new  structures  are  added  or  existing 
facilities  expanded. 


Community  Service 

Buildings  in  this  category  provide  for  the  support  and  service  of  instal¬ 
lation  personnel  and  their  morale,  welfare,  and  indoor  recreation  needs.  The 
structures  extend  across  a  broad  range  of  public  and  commercial  support  activ¬ 
ities,  including  fire  stations,  guard  and  police  stations,  bus  or  ticket  sta¬ 
tions,  post  office,  chapels,  laundry  and  dry  cleaning  plant,  bakery  and  nur¬ 
sery,  and  elementary  and  secondary  schools.  Indoor  athletic  and  recreational 
activities  and  retail  outlets  are  also  in  this  category.  Typical  buildings 
are  bowling  alleys,  field  houses,  gymnasiums,  and  indoor  swimming  pools; 
banks,  service  personnel  clubs,  and  open  restaurants;  theaters  and  auditor¬ 
iums,  recreational  and  entertainment  workshops,  and  craft  centers;  AAFES  main 
and  branch  exchanges,  concessions,  and  gas  stations;  and  Red  Cross  and  YMCA 
centers.  Water  requirements  for  these  activities  would  not  be  unlike  those  of 
a  civilian  community  and  would  increase  as  more  structures  are  added. 


Medical 


These  buildings  support  both  in-patient  and  out-patient  hospital  and  med¬ 
ical  center  support,  as  well  as  triage,  clinical,  and  medical  dispensary 
facilities  for  soldiers  and  their  families.  Dental  clinics  and  veterinary 
facilities  are  included,  but  medical  research,  development,  and  testing  (RD&T) 
buildings  are  assigned  to  the  RD&T  building  category.  Water  is  used  for 
patient  services  and  for  medical  hygienic  and  operational  requirements,  and  it 
is  reasonably  assumed  that  facilities  with  larger  floor  areas  will  generally 
support  greater  numbers  of  patients  and  would  need  complementary  increments  of 
water. 


Operations 


This  category  of  buildings  is  dominated  by  military  mission-related  ac 
tivities,  such  as  communication  structures  for  radio,  radar,  relay,  and 
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telephone  operational  networks.  Typical  examples  are  operational  readiness 
facilities,  such  as  alert  hangars,  operations,  and  fire  and  rescue  stations  at 
airfield  and  missile  war-heading  and  launching  structures.  Reception  station 
processing  facilities  are  also  assigned  to  this  category.  Compared  to  other 
categories,  water  service  to  support  these  activities  is  assumed  to  be  small, 
both  in  water  quality  and  in  total  category  building  area;  however,  this  would 
increase  to  correspond  with  building  growth  and  new  construction. 


Maintenance  and  Production 

Maintenance  activities  encompass  facilities  and  shops  for  the  mainten¬ 
ance,  repair,  and  overhaul  of  all  military  equipment  and  installation  real 
property.  It  also  includes  plants  for  constructing  and  assembling  military 
supplies,  including  ammunition.  This  category  reflects  mission-oriented  ac¬ 
tivities  and  is  like  manufacturing  establishments  in  civilian  communities. 
Water  use  for  industrial  processing  may  be  quite  large,  depending  on  the  pro¬ 
duct.  Water  service  and  maintenance  and  production  facilities  are  directly 
related,  and  changes  in  building  areas  can  be  assumed  to  be  matched  by  comple¬ 
mentary  changes  in  water  requirements. 


Storage 

Water  service  is  minimal  for  activities  that  describe  the  buildings  in 
this  category.  Water  is  used  for  custodial  functions,  if  any,  and  to  arm 
fire-sprinkling  systems.  Ammunition  storage  structures  and  warehouses  are  the 
principal  building  types  in  this  category.  It  is  assumed  that  activities 
represented  by  storage  facilities  exert  a  weak  influence  on  water  service  and 
would  not  explain  or  predict  major  quantities  of  average  daily  water  ser¬ 
vice.  An  increase  in  the  total  gross  floor  area  of  storage  facilities  on  in¬ 
stallations  with  dedicated  depot  missions  is  likely  to  raise  water  service 
requirements  to  support  fire-fighting  operations  if  all  other  water-using 
activities  remain  constant. 


Research.  Development,  and  Test  (RD&T) 

These  buildings  are  used  directly  in  theoretical  or  applied  research 
operations.  Basic  research  laboratories  for  areas  such  as  chemistry,  mater 
ials,  medical,  biological,  sonic,  physics,  and  geophysics  are  contained  in 
this  category,  as  well  as  development  and  test  facilities  related  to  this 
research.  Water  service  to  support  these  activities  is  expected  to  be  high 
especially  on  installations  having  substantial  building  areas  for  RD&T. 


Utility  Plants 


Cold  storage  freeze  and  chilled  water  for  air-conditioning  pLants  and 
cold  and  refrigerated  warehouses  are  in  the  utility  plant  category.  Also 
included  are  buildings  associated  with  electric  power  generation  or  transmis¬ 
sion  heating  or  power  plant  generation  equipment  for  temperature-controlled 
water  or  pressure-regulated  steam,  municipal  sewage  and  industrial  waste 
treatment,  and  disposal  structures,  nonpotable  and  potable  water  supply 
(wells),  and  treatment  and  storage  tanks.  Water  is  generally  an  integral  com¬ 
ponent  of  the  activities  associated  with  these  buildings,  and  it  is  expected 
that  the  larger  the  gross  floor  area,  the  greater  will  be  the  average  daily 
water  use. 


Administration 


Buildings  within  this  category  include  headquarters  and  office-type 
buildings  for  civilian  and  military  personnel  administration,  automatic  data 
processing,  and  technical  libraries.  Water  is  required  for  sanitary,  custo¬ 
dial,  and  fire-extinguishing  systems.  Again,  water  service  would  tend  to  in¬ 
crease  with  an  increase  in  gross  floor  area. 


Other 


This  category  includes  all  buildings  not  designated  within  the  previous 
11  categories.  Examples  are  limited  because  of  their  comprehensiveness;  how¬ 
ever,  museums  and  covered  grandstands  and  bleachers  are  samples.  Water  use  is 
minimal  and  contributes  to  only  a  small  fraction  of  average  daily  water  use. 


Moisture  Deficit 


Installation  water  use  may  also  be  influenced  by  the  amount  of  sprinkling 
water  applied  to  irrigable  areas.  With  precipitation  and  evapotranspiration 
accounted  for,  Howe  and  Linaweaver20  defined  this  influence  as  summer  poten¬ 
tial  evaporation  in  inches  minus  60  percent  of  the  summer  precipitation  in 
inches.  Hittman  Associates,  Inc.21  incorporated  this  measure  in  the  MAIN  II 
System  for  forecasting  municipal  water  requirements  and  determined  values  from 
interpolations  of  summer  potential  evapotranspiration  and  precipitation  con¬ 
tour  maps.  The  latter  technique  was  used  for  this  study. 


20C.  W.  Howe  and  F.  P.  Linaweaver,  "The  Impact  of  Price  on  Residential  Water 
Demand  and  Its  Relation  to  System  Design  and  Price  Structure,"  Water  Resources 
Research,  Vol  3,  No.  1  (First  Quarter)  (1967),  pp  13-32. 

2 'Forecasting  Municipal  Water  Requirements:  Volume  I  and  II,  the  MAIN  II 
System,  1969). 
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The  60  percent  factor  formulated  by  Howe22  as  noted  above  represents  the 
effective  fraction  of  average  summer  rainfaLL  penetrating  to  the  vegetative 
root  zone.  The  outdoor  irrigable  area  is  represented  by  total  improved 
grounds  measured  in  acres. 

Statistical  Analysis  of  the  Data  Structure  and  Final  Model  Specification 

Because  of  the  large  number  of  independent  building  categories  being 
analyzed,  criteria  had  to  be  set  for  selecting  groups  of  categories  to  repre¬ 
sent  water  service  sectors.  These  sectors  are  the  final  explanatory  variables 
in  the  conceptualized  general  model.  Substantial  high  multicollinearity  among 
the  building  category  variables  required  a  strategy  to  reduce  them  to  an  ac¬ 
ceptable  level  where  regression  coefficient  estimates  would  not  be  adversely 
affected.  Appendix  C  describes  the  results  of  various  statistical  analyses 
applied  during  the  stages  of  model  development.  The  statistical  analysis 
involved  systematically  determining  which  categories  of  building  use  could  be 
grouped  to  form  sectors.  The  resulting  sectors  include  the  following  building 
categories : 

•  Community  Service  and  Support  Sector 

•  Military  Activities  Sector 

•  Research  and  Post  Utility  Support  Sector 

These  sectors  became  the  independent  variables  in  the  linear  additive 
model  of  the  form: 

Qad  =  a  ♦  bL  (COMM UN)  +  b2  (MILACT)  +  b3  (RDTUTIL)  +  b4  (MDEFICIT)  +  e  [Eq  5] 
where : 

Qa(j  =  average  daily  installation  water  use  in  k-gal 
b3  ...  b4  =  coefficients  of  the  corresponding  independent  sector  variables 
COMMUN  =  community  service  and  support  sector  in  k-sq  ft 
MILACT  =  military  activity  sector  in  k-sq  ft 

RDTUTIL  =  research  and  post  utility  support  sector  in  k-sq  ft 

MDEFICIT  =  moisture  deficit  factor  (as  defined  in  the  conceptualized 
model ) 


22C.  W.  Howe,  "The  Impact  of  Price  on  Residential  Water  Demand:  Some  New  In¬ 
sights,"  Water  Resources  Research,  Vol  18,  No.  A  (August  1982),  pp  713-716. 


n  =  constant  term 

e  =  error  term. 

This  water  use  model  was  tested  with  actual  data  from  the  installations 
and  then  subjected  to  regression  analysis  to  refine  the  coefficients.  The 
final  best  fit  equation,  based  on  the  community  service,  military  activity, 
and  research  and  post  utility  support  sectors  is: 

Qad  =  0.339  COMMUN  +  0.079  MILACT  +  0.754  RDTBLD  [Eq  6] 

The  constant  term  was  eliminated  from  the  model  because  it  was  statisti¬ 
cally  shown  to  be  not  significantly  different  from  zero.  The  moisture  deficit 
factor  did  not  help  explain  average  daily  water  use  and  is  not  included;  how¬ 
ever,  it  could  be  incorporated  if  summer  seasonal  water  use  data  were  avail¬ 
able  to  test  the  model. 

Interpreting  the  parameter  estimates  of  the  best  fit  equation  is  straight 
forward.  For  example,  a  one-unit  (1000  sq  ft)  increase  in  the  building  floor 
area  of  the  community  service  sector  would  produce  a  339-gpd  increase  in  aver¬ 
age  water  service.  It  is  reasonable  to  expect  a  family  housing  unit  of  1500 
sq  ft  to  cause  an  increase  of  496.5  gal.  This  increase  would  suggest  a  165.5 
gpcd  for  a  family  of  three.  Similarly,  a  one-unit  increase  in  the  gross 
square  footage  of  buildings  in  the  research  and  post  utility  support  sector 
would  correspondingly  increase  average  daily  water  service  by  754  gal.  The 
coefficient  for  the  military  activity  sector  can  be  interpreted  in  the  same 
way:  average  water  use  will  increase  by  79  gpd  for  a  one-unit  increase  in  the 
buildings  within  this  sector. 

The  sector  coefficients  may  also  be  used  to  provide  a  rough  measure  of 
disaggregated  water  use  for  evaluating  potential  water  conservation 
measures.  For  example,  water  use  in  bachelor  housing  may  be  approximated  by 
the  product  of  the  total  building  area  in  this  category  on  a  given  installa¬ 
tion  and  the  coefficient  value  of  0.339  for  the  community  service  sector.  The 
resultant  quantity  of  water  could  be  used  as  the  representative  average  daily 
use  in  order  to  estimate  the  effectiveness  of  a  conservation  measure  being 
considered.  The  expected  fractional  reduction  in  water  use  and  the  expected 
degree  to  which  the  measure  were  implemented  would  also  be  required  to  com¬ 
plete  an  effectiveness  evaluation. 

The  standard  error  of  estimate  in  the  equation  represents  the  unexplained 
variance  of  the  dependent  variable.  The  proportion  of  cases  that  fall  between 
±  1  standard  error  of  the  estimate  was  determined  to  be  77.8  percent  (69  of  89 
cases).  Reduction  in  standard  error  may  be  possible  if  the  value  of  average 
daily  water  use  is  adjusted  to  account  for  leaks  in  the  distribution  system. 
This  would  tend  to  improve  underestimated  values  at  installations  where  water 
losses  of  this  type  occur.  Water  sold  to  off-post  customers,  if  any,  may  also 
improve  low-sided  estimates  if  such  sale  quantities  were  deleted  from  the 
value  of  the  dependent  variable.  In  general,  average  daily  water  use  is  a 
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weak  measure  of  water  service  and  requires  further  disaggregation  into  monthly 
or  seasonal  vaLues  in  order  to  reassess  the  moisture  deficit  factor  and  poten¬ 
tially  reduce  error. 


Comparing  Procedures:  Current  Guidelines  Versus  Requirement  Model 


Figure  4  is  a  plot  of  the  actual  versus  estimated  values  of  average  daily 
water  use.  It  can  be  contrasted  with  Figure  3,  which  duplicates  the  values 
obtained  by  applying  current  Army  procedural  guidelines  for  estimating  the 
same  dependent  variable.  It  is  clear  that  the  requirement  model  presents  a 
better  estimation  and  prediction  procedure.  The  linear  additive  model  devel¬ 
oped  here  has  improved  the  power  of  prediction.  Current  Army  procedures  yield 
an  R  value  of  0.564,  compared  to  0.873  for  the  model.  The  standard  error  of 
the  estimate  has  been  reduced  by  50  percent — from  1374  to  690  k-gal  per  day. 
Appendix  D  provides  estimated  values  for  each  installation  using  both  proce¬ 
dures.  Although  the  model  provides  substantial  improvement,  it  predicts  only 
average  daily  water  use,  and  requires  additional  evaluation  with  data  repre¬ 
senting  summer  and  winter  water  use. 


Model  Application  to  Water  Use  Planning 


The  results  of  the  analysis  and  investigative  procedures  support  the  gen¬ 
eral  conclusion  that  it  is  possible  to  identify  independent  sectors  of  water 
use  by  grouping  specific  building  categories.  Although  limited  in  scope,  the 
analysis  showed  three  statistically  significant  sectors  of  water  use:  a  com¬ 
munity  service  and  support  sector,  a  military  activity  sector,  and  a  research 
and  post  utility  support  sector.  When  empirical  data  representing  these 
sectors  were  tested  within  a  conceptualized  linear  additive  model,  the  results 
explained  87  percent  of  the  variance  of  average  daily  water  use.  A  moisture 
deficit  factor  failed  to  meet  statistical  criteria  for  inclusion  in  the  best 
fit  model;  however,  it  was  shown  to  be  positively  related  to  average  daily 
use. 


The  model  would  be  of  great  utility  to  installation  planners.  It  not 
only  outperforms  existing  procedures,  but  also  facilitates  the  evaluation  of 
potential  conservation  measures  for  specific  water  use  sectors.  It  could  also 
be  used  to  determine  which  installations  are  using  more  water  than  the  amount 
expected  as  estimated  by  the  model. 


Ideally,  the  technique  can  be  operationalized  as  a  module  into  the  com¬ 
puterized  Integrated  Facilities  System  available  to  Engineering  and  Housing 
Directorates.  A  user-friendly  manual  would  make  application  straightforward 
and  result  in  timely  estimates  and  forecasting  of  water  requirements.  The 
empirical  data  required  to  use  the  model  is  readily  available  to  all  installa¬ 
tion  Facility  Engineers.  With  knowledge  of  expected  future  construction  or 
destruction  of  buildings,  the  impact  on  average  daily  water  service  can  be 
forecasted  and  evaluated  in  accordance  with  the  model  specifications. 
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ESTIMATED  (in  millions  of  gallons) 


6  CONCLUSIONS 


More  chan  one  third  of  the  installations  surveyed  in  this  study  did  not 
know  what  quantities  of  water  would  be  needed  to  support  Fiscal  Year  1990 
requirements.  Even  among  those  posts  which  adjudged  a  general  direction  in 
future  water  needs,  only  about  one  fourth  of  the  reporting  stations  have  ap¬ 
parently  evaluated  water  needs  for  the  future  using  a  method  that  goes  beyond 
judgmental  planning.  However,  the  22  water  use  forecasts  that  have  been  done 
are  based  on  a  per  capita  or  an  adjusted  per  capita  approach,  which  does  not 
facilitate  evaluation  of  water  conservation  measures. 

There  is  no  formal  water  conservation  policy  for  Army  installations;  as  a 
result,  55  (64  percent)  of  the  surveyed  installations  indicate  they  have  not 
implemented  a  water  conservation  program  within  the  past  5  years.  Moreover, 
the  types  of  conservation  measures  being  executed  are  limited  primarily  to 
irrigation  restrictions  and  reduced-flow  plumbing  fixtures,  and  in  most  in¬ 
stances,  the  benefits  or  costs  of  implementing  these  measures  have  not  been 
quantified.  A  mandated  water  conservation  policy  would  probably  stimulate  a 
broadened  water  planning  effort;  however,  procedural  guidelines  are  needed  to 
help  installation  planners  evaluate  potentially  adaptable  and  socially  accept¬ 
able  conservation  actions. 

Major  discrepancies  are  apparent  within  current  Army  procedures  for  esti¬ 
mating  average  daily  water  demand.  The  measure  of  effective  population,  a  key 
parameter  in  these  procedures,  is  suspect  due  to  the  questionable  weights 
applied  to  resident  and  nonresident  groupings.  The  data  representing  effec¬ 
tive  population  in  the  Redbook  cannot  be  used  to  determine  per  capita  average 
daily  water  use  because  of  errors  in  the  way  it  is  computed.  The  current 
method  of  estimating  average  daily  water  use  using  effective  population  data 
is  unreliable;  therefore,  attempts  to  predict  future  water  use  using  this  pro¬ 
cedure  would  be  unacceptable. 

The  linear  additive  model,  which  uses  categorized  building  areas  (data 
readily  available  to  installation  Facility  Engineers)  to  predict  sectors  of 
water  use,  effectively  predicts  peacetime  water  needs.  This  model  could  also 
be  used  to  evaluate  the  effectiveness  of  conservation  measures  and  to  deter¬ 
mine  whether  an  installation  should  be  considered  for  a  water  use  survey. 

Documented  contingency  plans  are  more  likely  to  be  found  on  FORSCOM  and 
TRADOC  installations  than  on  AMC  posts,  where  single  sources  of  water  supply 
prevail.  Most  installations  (59  percent)  indicated  they  had  no  contingency 
plans  prepared,  which  reflects  a  need  to  increase  planning  emphasis  in  this 
area . 
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Yes.  (Please  include  a  copy  of  this  study  and  any  others  which  analyze  water  use  forecasts 
or  patterns  on  your  installation.  Send  them  along  with  this  completed  questionnaire.) 
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B  a  check  next  to  those  potential  short-term  water  shortages  for  which  your  ins 
(1  written  contingency  plans: 


APPENDIX  B: 


SUMMARY  TABULATION  OK  WATER- RELATED  PLANNINC  INDICATORS 


The  following  table  summarizes  the  responses  obtained  from  the  1984  Survey 
of  Water  Use  on  Army  Installations  that  pertain  to  the  status  of  prepared 
documents  or  implemented  programs  concerning  water  requirement  forecasts, 
water  shortage  contingency  plans  and  water  conservation  programs.  The 
table  is  intended  to  provide  Army  planners  with  an  overview  of  Major  Command 
activities  related  to  water  planning  on  eighty-five  installations  in  the 
contiguous  United  States.  The  presence  of  a  water  conservation  program  indi¬ 
cates  that  one  or  more  conservation  measures  have  been  implemented  on  an 
installation  within  the  past  five  years.  The  entries  represent  the  number 
of  installations  in  each  category;  the  numbers  in  parentheses  are  corres¬ 
ponding  column  or  row  percentages. 
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APPENDIX  C: 


STATISTICAL  ANALYSIS  OF  THE  DATA  STRUCTURE  AND  MODEL  DEVELOPMENT 

Linearity  Characteristics 

The  first  step  in  the  data  analysis  was  to  examine  the  general  statistics 
describing  distribution  of  the  90  installations  for  each  building  category  and 
evaluate  the  linear  relationship  of  each  category  variable  with  average  daily 
water  use  (Qad).  Three  measures  are  associated  with  simple  linear  regres¬ 
sion:  the  Pearson  product  moment  correlation  coefficient,  its  test  of  signi¬ 

ficance,  and  the  slope.  Table  Cl  presents  the  values  of  these  measures  and 
other  related  statistical  measures.  The  first  measure — the  correlation  coef¬ 
ficient — represents  the  zero-order  correlation  between  the  pair  of  variables; 
no  controls  for  the  influence  of  other  variables  are  made.  This  coefficient 
is  used  to  measure  the  strength  of  relationship  in  terms  of  goodness  of  fit  of 
a  linear  regression  line  to  the  data.  The  test  of  significance  of  the  corre¬ 
lation  coefficient  is  derived  from  Student's  t,  and  the  reported  value  indi¬ 
cates  the  results  of  testing  and  hypothesis  that  the  coefficient  is  not  signi¬ 
ficantly  different  from  zero.  The  slope  estimate  indicates  the  average  change 
in  Qad  that  is  associated  with  a  unit  change  in  the  respective  building  cate¬ 
gory  variable. 

Among  the  building  category  variables,  correlation  coefficients  range 
from  a  high  value  of  0.838  for  family  housing  to  an  extremely  low  value  of 
-0.048  for  storage  buildings.  The  scattergram  depiction  of  plotted  values  of 
this  latter  variable  with  average  daily  water  use  (Qad)  indicated  outlier 
values  representing  high  quantities  of  average  daily  water  use  and  low  gross 
floor  area  for  storage  buildings,  which  created  an  upward  bias  in  this  region 
in  the  regression  slope  and  a  weak  correlation  coefficient.  The  result  of 
this  effect  is  to  force  an  inverse  relationship  between  the  paired  variables, 
as  noted  by  the  negative  signs  for  both  measures.  The  slope  for  the  variable 
is  very  small  compared  to  other  building  variables  with  a  similar  range  of 
values,  such  as  bachelor  buildings  at  0.863.  The  category  of  "other" 
buildings  also  displayed  a  plot  of  paired  values  with  outlier  values  repre¬ 
senting  low  quantities  of  water  use  and  high  values  of  gross  floor  area  in 
this  category.  The  bias  is  downward  and  aLso  results  in  an  unreliable  regres¬ 
sion  coefficient. 

Rather  than  remove  the  outliers  at  this  point  in  the  analysis,  they  were 
retained  for  further  examination  and  were  transformed  by  grouping  with  sister 
categories  to  form  new  independent  variables.  Moreover,  the  outlier  values 
differed  between  the  storage  and  other  building  categories;  complete  with¬ 
drawal  would  cause  the  loss  of  considerable  information  regarding  the  rela¬ 
tionship  of  water  use  with  the  remaining  categories  of  buildings  that  these 
outliers  possessed. 
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‘Value*  are  for  90  cases. 

“Person's  r_  for  paired  variables  consisting  of  Qg(j  and  the  given  variable. 
“Significance  determined  by  two-tailed  t-test. 


The  ocher  10  categories  of  buildings  showed  data  structures  with  highly 
significant  correlation  coefficients  as  well  as  regression  coefficients.  The 
moisture  deficit  factor  is  also  shown  as  equally  significant  by  both  measures. 

Average  daily  water  use  requires  a  fuller  explanation  than  that  offered 
by  the  separate  single  categories  of  buildings.  It  has  been  postulated  that 
it  is  a  function  of  all  the  building  areas  combined.  Multiple  regression 
facilitates  the  analysis  of  the  combined  effects  of  all  independent  variables, 
assuming  that  they  are  not  perfectly  correlated  with  one  another. 


Initial  Multiple  Regression  Analysis 

A  preliminary  multiple  regression  analysis  was  performed  in  which  average 
daily  water  use  was  regressed  on  all  13  independent  variables  (Table  C2).  The 
partiaL  coefficients  for  family  housing,  bacheLor  soldier  quarters,  and 
research  buildings  are  significant  below  the  criterion  level  of  .05  based  on  a 
two-tailed  t-test.  All  other  independent  variable  coefficients  are  statisti¬ 
cally  insignificant,  indicating  that  each  failed  to  reject  the  null  hypothesis 
that  their  values  were  not  different  from  zero.  Yet  the  R  for  the  equation 
is  substantial  at  0.809.  Lewis-Beck‘3  reports  this  type  of  condition  as  a 
rather  sure  symptom  of  high  mult icol l i nearity. 

Although  independent  variables  are  virtually  always  intercorrelated ,  high 
multicollinearity  is  a  condition  in  which  one  independent  variable  approaches 
a  perfect  linear  functional  relationship  with  another  independent  variable. 

If  this  condition  is  present,  the  consequence  is  that  serious  parameter  esti¬ 
mation  problems  arise,  causing  them  to  be  unreliable.  There  can  be  little 
confidence  that  a  particular  slope  estimate  accurately  reflects  the  impact  of 
the  independent  variable  on  average  daily  water  use. 

Bivariate  correlations  were  computed  for  each  independent  variable  with 
all  others  (Table  C3).  The  matrix  shows  that  the  correlation  coefficients 
between  family  housing,  bachelor  buildings,  and  community  buildings  are  high 
at  0.856,  0.875,  and  0.891,  respectively.  Coefficients  greater  than  0.7  exist 
between  training  and  bachelor  buildings  (0.730)  and  between  training  and  com¬ 
munity  buildings  (0.763). 

Although  these  high  values  suggest  the  presence  of  high  multicollinearity 
among  these  variables,  particularly  those  in  excess  of  0.8,  the  correlation 
matrix  does  not  account  for  the  relationship  of  one  independent  variable  with 
all  the  other  independent  variables.  It  is  possible  that  one  independent 
variable  may  be  a  nearly  perfect  linear  combination  of  the  remaining  independ¬ 
ent  variables,  even  though  the  bivariate  correlation  coefficients  are  not 
large.  The  method  for  assessing  this  potential  hidden  condition  is  to 


23M.  S.  Lewis-Beck,  Applied  Regression,  Sage  University  Paper  Series  on  Quanti¬ 
tative  Applications  in  the  Social  Sciences  07-022  (Sage  Publications,  1980). 
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Table  C2 

Initial  Multiple  Regression  Analysis 
(Dependent  Variable:  Average  Daily  Water  in  k-gal) 


Independent 

Variable 


Partial 

Coefficient 


t- 

Value 


FAMBLD 

0.399 

2.889 

BACBLD 

0.337 

2.12 

TRABLD 

-0.324 

-1.030 

COMBLD 

1.023 

1.453 

MEDBLD 

0.188 

0.477 

OPSBLD 

0.158 

0.220 

MNTBLD 

0.243 

0.682 

STOBLD 

0.063 

0.828 

RDTBLD 

1.616 

4.345 

UTPBLD 

-2.292 

-0.611 

ADMBLD 

0.569 

1.504 

OTHBLD 

-1.034 

-0.858 

MDEFICIT 

-0.002 

-0.800 

(Constant  Term) 

-61.559 

-0.323 

Significance 
of  t 


0.005 

0.03G 

0.306 

0.150 

0.635 

0.827 

0.497 

0.410 

<0.001 

0.543 

0.137 

0.394 

0.462 

0.747 


Coefficient  of  Multiple  Determination  (R^  =  .809) 

Standard  Error  of  the  Estimate  =  976  k-gal 

F-Ratio  =  24.822 

Degrees  of  Freedom  =  13  and  76 

F-Signif icance  =  <.0001 


Bivariate  Correlation  Matrix  Between  Pairs  of  Variables 


regress  each  independent  variable  on  all  of  the  other  independent  variables. 

If  any  of  the  coefficients  of  multiple  determination  (R^)  from  these  equations 
approach  1.0,  there  is  high  mul t icol 1  inear i ty . 

The  analysis  was  performed,  with  results  as  displayed  in  Table  C4.  The 
coefficients  of  multiple  determination  for  community,  bachelor,  and  family 
housing  buildings  exceed  0.85  and  provide  evidence  that  high  mul t icol 1  inear i ty 
is  detectable. 

An  appropriate  strategy  for  correcting  the  effects  of  high  mul t icol 1 ine- 
arity  is  to  combine  those  independent  variables  that  are  highly  intercorre- 
lated  into  a  single  indicator.  Conceptually,  it  was  proposed  that  building 
sectors  could  be  grouped  to  form  new  independent  variables  to  represent  sec¬ 
tors  of  water  use.  However,  it  remains  to  be  determined  which  variables 
should  be  grouped  accordingly.  Factor  analysis  assumes  that  observed  vari¬ 
ables  are  linear  combinations  of  some  underlying  factor  which,  in  this  case, 
is  construed  to  be  identifiable  water  use  sectors.  The  following  section  dis¬ 
cusses  factor  analysis  application  and  how  it  was  adopted  in  developing  the 
water  use  model. 


Grouping  Building  Categories:  Method  of  Analysis 

The  grouping  of  building  variables  into  logical  sectors  requires  all 
building  categories  to  be  included  in  the  final  sector  constructs.  Concur¬ 
rently,  the  new  sector  variables  must  also  reduce  the  previously  demonstrated 
high  multicollinearity.  Because  all  building  categories  are  in  identical 
units  of  measure,  they  can  be  summed  to  equate  to  the  total  sector  building 
area.  Factor  analysis  can  help  define  the  sectors  responsible  for  the  covari¬ 
ation  among  the  observed  variables,  but  the  data  may  not  lend  itself  to  a 
clear  allocation  of  all  categories  to  common  factors  and  may  require  adjust¬ 
ments  that  are  sensible  and  prudent. 

The  building  category  data  were  therefore  subjected  to  principal  fac¬ 
toring  with  interations  and  varimax  rotation  to  yield  the  factor  pattern  shown 
in  Table  C5.  The  coefficients  in  the  table  represent  both  regression  weights 
and  correlation  coefficients.  The  eigenstructure  of  the  correlation  matrix  is 
represented  by  four  constructs  which  jointly  explain  77.7  percent  of  variance 
in  the  data. 

The  first  factor  is  highly  correlated  with  bachelor,  family,  community, 
and  training  building  areas  which  may  be  taken  to  represent  the  installation's 
community  profile.  The  second  factor  shows  "other"  buildings — a  very  weak 
predictor  of  average  daily  water  use--as  having  the  strongest  correlation.  A 
military  activity  variable — storage  buildings--displays  the  strongest  correla¬ 
tion  with  the  third  factor.  The  fourth  factor  is  best  represented  by  RD&T 
buildings.  Water  use  represented  by  this  variable  is  characterized  by 
research  and  test  processes  which  may  require  large  quantities  of  water. 


TabLe  C4 


Regression  Assessment  for  High  Mul t icol 1  inear i t y 


VariabLe  Name  Symbol  Multiple  R 


Family  housing 

FAMBLD 

0.860 

Bachelor  housing 

BACBLD 

0.868 

Training  buildings 

TRABLD 

0.658 

Community  buildings 

COMBLD 

0.913 

Medical  buildings 

MEDBLD 

0.478 

Operations  buildings  area 

OPSBLD 

0.425 

Maintenance  and  production 
buildings 

MNTBLD 

0.682 

Storage  buildings 

STOBLD 

0.362 

Research,  development,  and 
test  buildings 

RDTBLD 

0.388 

Utility  plants 

UTPBLD 

0.631 

Administration  buildings 

ADMBLD 

0.425 

Other  buildings 

OTHBLD 

0.386 

Average  moisture  deficit  factor 

MDEFICIT 

0.592 

- . — - - — __ 1 

*Coeff icients  of  muLtipLe  determination  (R  )  obtained  by  regressing  each 
independent  variable  on  all  of  the  others. 


Table  C5 


Results  of  Varimax  Rotated  Principal  Factor  Solution 


Factor  Pattern 


Variable 

I 

II 

III 

IV 

TRABLD 

0.743 

0.211 

-0.099 

0.121 

MNTBLD 

0.610 

0.036 

0.647 

0.007 

RDTBLD 

-0.079 

0.014 

-0.023 

0.672 

MEDBLD 

0.413 

0.551 

-0.045 

0.078 

ADMBLD 

0.511 

0.160 

0.011 

0.428 

BACBLD 

0.936 

0.160 

0.054 

-0.117 

COMBLD 

0.921 

0.260 

0.044 

0.115 

FAMBLD 

0.900 

0.104 

0.068 

0.051 

OPSBr.D 

0.484 

-0.030 

0.445 

-0.048 

UTPBLD 

0.541 

0.171 

0.267 

0.551 

OTHBLD 

0.080 

0.850 

-0.089 

0.058 

STOBLD 

-0.178 

-0.115 

0.647 

0.050 

Eigenvalue 

5.296 

1.690 

1.354 

0.978 

Cumulative 

44.1 

58.2 

69.5 

77.7 

%  of  variance 


Four  potential  water  use  sectors  were  identified  which  consisted  of 
either  single  building  category  variables  (other,  storage,  and  research)  or 
multiple  building  categories,  which  were  combined  by  adding  gross  floor  areas 
to  form  a  new  composite  variable.  Five  building  category  variables — mainten¬ 
ance,  operation,  medical,  administration,  and  utility  plants — could  not  be 
assigned  to  these  four  sectors  based  on  the  factor  analyses.  Additional  sta¬ 
tistical  analyses  and  criteria  were  established  to  determine  the  most  appro¬ 
priate  sector  to  which  each  of  these  five  variables  should  be  allocated. 

The  first  step  was  to  regress  average  daily  water  use  on  the  four  vari¬ 
ables  representing  the  four  water  use  sectors.  The  moisture  deficit  variable 
was  also  included  as  an  independent  variable.  The  results  of  the  regression 
are  shown  in  the  following  equation.  The  t-statistic  is  shown  in  parentheses 
for  each  corresponding  coefficient: 

Qao  =  23.637  ♦  .406  SECTOR  1  -  0.877  SECTOR  2  [Eq  Cl] 

(0.132)  (12.076)  (-0.876) 

♦  0.113  SECTOR  3  ♦  1.641  SECTOR  4  -  .002  MDEFICIT 
(1.700)  (5.490)  (-0.672) 

R2  =  0.783  F  =  60.656 

SEE  =  997.2  D.F.  =  5  and  84 

where: 

SECTOR  1  =  composite  variable  of  the  summed  total  gross  floor  area  of 
family,  bachelor,  training,  and  community  buildings 

SECTOR  2  =  other  building  gross  floor  area 

SECTOR  3  =  supply  building  gross  floor  area 

SECTOR  4  =  research  building  gross  floor  area. 

Each  of  the  remaining  five  building  categories  was  subjected  separately 
to  a  series  of  regression  analyses  in  which  their  corresponding  floor  areas 
were  added  one  at  a  time  to  each  sector.  For  example,  the  gross  floor  area  of 
the  maintenance  category  was  added  to  SECTOR  1,  then  to  SECTOR  2  through 
SECTOR  4,  with  a  regression  analysis  performed  for  each  successive  assign¬ 
ment.  The  change  in  R2  was  observed  at  each  step,  and  the  building  category 
was  finally  assigned  to  the  sector  that  produced  the  highest  multiple  R2  value 
during  the  regression  analyses.  At  no  time  during  this  entire  procedure  did 
the  R^  value  change  more  than  0.02.  Also,  no  building  category  was  assigned 
to  SECTOR  2  based  on  the  R2  criteria,  and  the  t-value  for  its  coefficient 
remained  insignificant  in  every  regression  procedure.  This  outcome  was  ex¬ 
pected  because  the  category  of  "other"  buildings,  representing  this  sector, 
does  not  contribute  meaningfully  to  explaining  the  variance  of  average  daily 
water  use. 


1 
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Therefore,  it  was  decided  to  analyze  R  change  in  the  model  when  this 
variable  was  added  to  the  gross  floor  area  of  each  of  the  three  remaining  sec¬ 
tors.  The  result  of  the  series  of  regressions  was  to  assign  "other"  buildings 
to  SECTOR  1. 

As  a  result  of  these  analyses,  all  building  categories  were  assigned  and 
represented  by  three  distinct  water  use  sectors,  which  are  summarized  in 
Table  C6.  Three  identifiable  sectors  emerge  as  distinct  independent  vari¬ 
ables:  a  community  service  and  support  sector  (COMMON),  a  military  activities 
sector  (MILACT),  and  a  research  and  post  utility  support  sector  (RDTUTIL). 

The  numerical  values  for  the  building  areas  in  each  factor  were  summed  to  form 
three  new  variables  with  labels  as  shown  in  the  table.  The  next  section  des¬ 
cribes  the  data  characteristics  of  these  variables  and  the  retests  for  high 
multicollinearity.  These  new  variables  are  appropriately  referred  to  as  water 
use  sectors. 

When  research  buildings  were  combined  with  utility  plants,  the  bivariate 
regression  slope  of  1.581  was  significant  below  the  0.01  level  (Table  C7). 

The  effect  of  grouping  maintenance,  storage,  and  operations  buildings  is  to 
reduce  the  influence  of  outliers  previously  noted  in  the  scattergram  analysis 
of  storage  buildings  with  average  day  water  use.  As  expected,  the  sign  of  the 
bivariate  regression  slope  for  this  sector  is  positive,  although  significant 
at  the  0.16  level.  Outlier  influence  still  exists,  but  removal  is  not  war¬ 
ranted  until  the  full  model  is  tested  using  multivariate  regression  analysis, 
and  residuals  are  examined.  The  community  sector  variable  is  strongly  corre¬ 
lated  with  average  daily  water  use  and  accounts  for  .84  of  the  variance  of  the 
dependent  variable  alone.  Regression  techniques  were  again  used  to  check  for 
the  reduction  of  high  multicollinearity  observed  previously  when  the  individ- 
ual  building  categories  were  a»~essed  separately.  The  R  values  for  each  sec¬ 
tor  and  the  moisture  deficit  factor  are:  COMMUN  (0.452);  MILACT  (0.118); 
RDTUTIL  (0.008);  and  MDEFICIT  (.500).  The  problem  of  high  multicollinearity 
is  no  longer  present  and  the  variables  are  acceptable  for  evaluation  in  the 
water  use  model. 


Final  Model  Specification 

Having  determined  three  sectors  of  water  use  activities,  these  newly 
formed  independent  variables  can  be  entered  into  the  following  linear  additive 
model : 

Qad  =  a  ♦  bj  (COMMUN)  ♦  b2  (MILACT)  ♦  b3  (RDTUTIL)  ♦  b4  (MDEFICIT)  ♦  e  (Eq  C2] 

where:  Qad  =  average  daily  installation  water  use  in  k-gal 

b^  ...  b4  *  coefficients  of  the  corresponding  independent  sector 
variables 
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Table  C6 


Index  of  Crouped  Building  Category  Variables 
Factor  Crouped  Building  New  Independent 


No. 

Categories 

Variables 

Description 

FAMBLD 

BACBLD 

TRABLD 

1 

COMBLD 

MEDBLD 

ADMBLD 

OTHBLD 

OPSBLD 

to  form 

COMM UN 

Community  serivce 
and  support  sector 

2 

MNTBLD 

STOBLD 

RDTBLD 

to  form 

MILACT 

Military  activities 
sector 

Research  and  post 

3 

UTPBLD 

to  form 

RDTUTIL 

utility  support 
sector 

Table  C7 

Sector  Variable  Characteristics* 


Variable 

Code 

High 

Value 

Low 

Value 

Mean 

Standard 

Deviation 

Correlation 

Coefficient** 

Correlation 

Significance 

Bivariate 

Regression 

Slope 

Slope 
Signi li¬ 
cence*** 

COMMUN 

19095 

80 

4606 

5089 

.843 

.0001 

.344 

.0001 

MILACT 

8787 

51 

2141 

1988 

.150 

•0789 

.157 

.1578 

RDTUTIL 

2607 

0 

194 

376 

.286 

•  0031 

1.581 

.0063 

•Values  are  for  90  cases. 

•♦Pearson's  i_  for  paired  variables  consisting  of  Q<(J  and  the  given  sector  variable. 
•••Signi f icance  determined  by  two-tailed  t-test. 
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COMM UN  =  community  service  and  support  sector  in  k-sq  ft 
MILACT  =  military  activity  sector  in  k-sq  ft 
RDTUTIL  =  research  and  post  utility  support  sector  in  k-sq  ft 
MDEFICIT  =  moisture  deficit  factor  (as  defined  in  the  conceptualized  model) 
a  =  constant  term 

e  =  error  term. 

The  expected  signs  of  the  variables  are  all  positive. 

The  water  use  function  was  estimated  from  data  on  all  90  installations, 
and  the  full  model  result  was: 

Qad  ■  -1.65.05  ♦  0.34  COMMUN  ♦  0.10  MILACT  ♦  1.40  RDTUTIL  -  0.005  MDEFICIT 

4  (-0.90)  (12.29)  (1.85)  (4.99)  (-0.21) 

The  t-statistic  is  given  in  parentheses  below  each  estimated  parameter.  For 
90  installations,  the  two-tailed  critical  value  at  the  95  percent  level  is 
1.98;  this  leaves  in  doubt  the  significance  of  the  moisture  deficit  factor, 
which  also  exhibits  the  opposite  expected  sign.  The  constant  value  is  also 
negative  in  sign  and  significant  at  the  0.369  level.  The  variance  explained 
by  the  regression  equation  was  measured  by  the  R2  statistic  and  was  0.784. 

The  F-statistic  was  77.10,  with  4  and  85  degrees  of  freedom  and  significant  at 
the  .0001  level.  The  standard  error  of  estimate  or  average  error  in  pre¬ 
dicting  average  daily  water  use  from  the  regression  equation  was  989  k-gal. 

An  analysis  of  the  residuals  scatterplot  showed  no  apparent  trend  or  pattern 
that  would  violate  the  assumptions  of  regression  analysis;  however,  an  extreme 
outlier  was  observed,  which  had  a  standardized  residual  value  of  6.10,  con¬ 
trasted  to  the  next  worst  outlier,  which  had  a  value  of  3.78.  This  point  rep¬ 
resented  Redstone  Arsenal,  and  its  presence  may  have  biased  the  estimates  of 
the  parameter  coefficients.  To  determine  the  influence  of  this  outlier,  the 
case  was  removed  from  the  data  set,  and  the  model  was  again  subjected  to 
regression  analysis.  The  results  were: 

Qad  =  63,71  +  0,33  C0MMUN  ♦  0.07  MILACT  ♦  0.74  RDTUTIL  ♦  0.0001  MDEFICIT 
(-0.50)  (16.90)  (1.76)  (3.56)  (0.68) 

The  response  to  the  removal  of  the  single  outlier  is  clearly  seen  in  the  re¬ 
duction  of  the  parameter  coefficient  for  the  research  and  post  utility  support 
sector  variable.  This  outlier  had  caused  an  upward  bias  in  this  coeffi¬ 
cient.  The  effect  on  the  other  coefficients  was  slight  except  for  the  mois¬ 
ture  deficit  factor  which  now  reflects  the  expected  positive  sign.  The  mul¬ 
tiple  R2  value  is  now  increased  by  nearly  12  percent  to  0.874.  The  standard 
error  of  the  estimate  was  reduced  to  693  k-gal,  which  suggests  that  prediction 
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error  is  more  than  1.5  times  as  great  in  the  outlier  equation.  Also,  the  F- 
value  was  enhanced  to  145.79  with  4  and  84  degrees  of  freedom  and  remained 
highly  significant  below  the  .0001  level. 


Additional  extreme  outlier  removal  did  not  result  in  a  significant  change 
in  the  coefficient  of  multiple  determination  and  the  parameter  coefficients 
remained  stable.  Therefore,  all  other  cases  were  retained  for  computation  of 
the  best  fit  model.  The  moisture  deficit  factor,  significant  at  the  0.496 
level,  does  not  contribute  to  the  explanation  of  average  daily  water  use,  but 
may  offer  an  improved  predictive  capability  if  summer  seasonal  water  use  data 
were  available  for  analysis  as  the  dependent  variable. 

Stepwise  regression  with  forward  selection  of  predictor  variables  was 
used  to  calibrate  the  model.  Regressions  that  used  the  logarithms  of  the  var¬ 
iables  were  also  tested,  but  these  equations  did  not  provide  higher  coeffi¬ 
cients  of  multiple  determination.  Fitting  the  combined  89  installations 
yielded  an  equation  of  best  fit  as  follows: 

Qad  =  0.339  COMMUN  ♦  0.079  MILACT  ♦  0.754  RDTBLD 

(23.53)  (2.13)  (3.66)  [ Eq  C3 1 


The  t-values  are  shown  in  parentheses,  and  all  were  found  to  be  signifi¬ 
cant  at  the  0.05  level.  The  constant  term  has  been  deleted  from  the  equation 
because  it  was  not  significantly  different  from  zero.  The  value  of  the  con¬ 
stant  term  was  -73.16  with  a  corresponding  t-value  of  -0.575.  The  is  0.873 
with  an  F-value  of  195.45,  significant  below  the  .0001  level.  The  standard 
error  of  the  estimate  was  690  k-gal. 


Community  service  and  support  sector  is  by  far  the  most  important  pre¬ 
dictor  variable  and  alone  accounts  for  .846  of  the  variance  of  the  dependent 
variable  in  the  best  fit  equation  (Table  C8).  The  military  activity  sector 
and  the  research  and  post  utility  support  variable  are  statistically  signifi¬ 
cant,  but  their  effect  is  very  small  compared  to  the  community  service  and 
support  sector.  They  do  provide  a  genuine  explanation  of  a  portion  of  the 
water  use  variance;  however,  their  relative  importance  should  be  recognized 
and  understood. 


Table  C8 


Regression  Equations:  Summary  of  Empirical  Results 


Regression  Equation  (standardised  coefficients  and  Selected 

t-statistics  given  in  parentheses  above  and  belov, 

respectively) . _ _  R‘  SEE 


Theoretical  Equation! 

Qad  "  *  *  bl  ( COMMUN)  ♦  bj  (HILACT)  ♦  bj  ( ROTUTIL)  ♦  b^  ( MDEFICIT)  *  e 
Intermediate  Equations: 

(.837)  (.099)  (.252)  (-.014) 

Qad  -  -165.05  ♦  0.34  COMMUN  ♦  0.10  KIIACT  *  1.40  ROTUTIL  -  0.0005  MDEFICIT  .784  989 

(-.90)  (12.29)  (1.85)  (4.99)  (-0.21) 

(.886)  (0.73)  (.139)  (.038) 

Qad  “  ♦  0.33  COMfUN  *  0.07  HILACT  ♦  0.74  ROTUTIL  ♦  0.0001  MDEFICIT  .874  69 

(-.50)  (16.90)  (1.76)  (3.56)  (0.68) 

Rest  Fit  Equation! 

(.910)  (.082)  (.141) 

Q  d  -  0.339  COMMUH  ♦  0.079  HILACT  ♦  0.754  ROTUTIL  .873  69' 

(23.53)  (2.13)  (3.66) 
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APPENDIX  D 


COMPARISON  OF  ESTIMATION  RESULTS  BY  INSTALLATION 


The  following  presents  the  reported  actual  values  for  average  daily  water 
service  ^Q^ctual^  obtained  by  dividing  entries  of  total  annuaL  water  service 
(FY  1981  Redbook.)  by  365  days.  Estimated  values  (QgsC)  are  shown  for  average 
daily  water  service  computed  by  applying  both  current  Army  procedures  (Chapter  4) 
and  the  water  requirement  model  developed  in  Chapter  5.  Residuals  are  dis¬ 
played  for  both  techniques. 


FY  81  Redbook 


Current  Procedures 


Installation 


Hater  Requirement  Model 
Residual 


s 


Install*! ion 


KV  81  Sedbuok  Current  Procedure*  Mater  Begin  renent  Model 
^Actual  ‘*tUt  '«»at5iia'r  Qt.t  Rasidu.l 


Haw  Cunbsrland  tray  Depot 

142 

1509 

-1167 

661 

-319 

Picatinny  Arsenal 

2544 

1230 

1314 

1532 

1013 

Pine  Bluff  Arsenal 

863 

312 

551 

321 

543 

Pueblo  Depot  Activity 

241 

203 

38 

560 

-319 

Bed  River  Arny  Depot 

1404 

1305 

99 

747 

656 

Redstone  Arsenal 

9847 

(Outlier) 

(Outlier) 

Rock  Island  Arsenal 

1323 

1629 

-306 

992 

332 

Rocky  Mountain  Arsenal 

188 

86 

102 

250 

-62 

Sacranento  Aray  Depot 

S02 

666 

-164 

345 

157 

Savanna  Arny  Depot 

219 

146 

73 

405 

-186 

Seneca  Arny  Depot 

252 

380 

-128 

518 

-265 

Sharpe  Arny  Depot 

225 

366 

-141 

317 

-92 

Sierra  Arny  Depot 

1123 

347 

776 

537 

586 

Tobyhanna  Arny  Depot 

388 

936 

-548 

499 

-111 

Tooele  Arny  Depot 

30 

962 

-932 

742 

-711 

Uaatilla  Depot  Activities 

167 

73 

94 

259 

-92 

Port  Wingate  Depot  Activity 

12 

44 

-32 

108 

-96 

Uatervliet  Arsenal 

317 

652 

-335 

428 

-110 

Corpus  Christie  Arny  Depot 

717 

714 

3 

216 

501 

Detroit  Arsenal 

495 

1270 

-775 

550 

-55 

Fort  Monnouth 

764 

2050 

-1286 

1933 

-1168 

Jefferson  Proving  Ground 

47 

106 

-59 

160 

-113 

St.  Louis  Area  Support  Center 

179 

226 

-47 

329 

-150 

Aberdeen  Proving  Ground 

3848 

5501 

-1653 

4203 

-355 

Dugway  Proving  Ground 

1188 

602 

586 

640 

548 

Natick  Developeent  Center 

2827 

365 

2462 

527 

2300 

White  Sands  Missile  Range 

1947 

1748 

199 

2392 

-455 

Yuaa  Proving  Cround 

900 

648 

252 

507 

393 

Fort  Detrick 

1594 

931 

663 

694 

900 

Fitxainons  Arny  Medical  Canter 

850 

1001 

-151 

863 

-13 

Walter  Reed  Arny  Medical  Center 

1300 

1814 

-514 

2257 

-956 

Arlington  Hall  Station 

157 

632 

-475 

296 

-139 

Vint  Hill  Fame 

232 

465 

-233 

357 

-126 

Bayonne  Military  Ocean  Terninal 

417 

682 

-265 

787 

-370 

Gulf  Outport 

17 

54 

-37 

89 

-72 

Oakland  Amy  Base 

326 

637 

-311 

481 

-154 

Sunny  Point  Military  Ocean  Terninal 

101 

70 

31 

31 

70 

United  States  Military  Acadeny 

2975 

2709 

266 

3476 

-502 
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